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CHAPTER 45
PIPES, TUBES, AND FITTINGS

Pipe ..........................................................................................  45.1
Fittings .....................................................................................  45.2
Joining Methods .......................................................................  45.2
Special Systems ........................................................................  45.6
Selection of Materials ..............................................................  45.6
Pipe Wall Thickness .................................................................  45.7
45
Stress Calculations ...................................................................  45.7
Plastic Piping ...........................................................................  45.7
Pipe-Supporting Elements........................................................  45.8
Pipe Expansion and Flexibility ..............................................  45.10
Pipe Bends and Loops............................................................  45.10
Expansion Joints and Expansion Compensating Devices......  45.12
HIS CHAPTER covers the selection, application, and installa- specify steel pipe. Both standards specify A and B grades. The A
Ttion of pipe, tubes, and fittings commonly used for heating, air-
conditioning, and refrigeration. Pipe hangers and pipe expansion
are also addressed. When selecting and applying these components,
applicable local codes, state or provincial codes, and voluntary
industry standards (some of which have been adopted by code juris-
dictions) must be followed.

The following organizations in the United States issue codes and
standards for piping systems and components:

ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
NFPA National Fire Protection Association
BOCA Building Officials and Code Administrators,

International
MSS Manufacturers Standardization Society of the

Valve and Fittings Industry, Inc.
AWWA American Water Works Association

Parallel federal specifications also have been developed by gov-
ernment agencies and are used for many public works projects.
Chapter IV of ASME Standard B31.9 lists applicable U.S. codes
and standards for HVAC piping. In addition, it gives the require-
ments for the safe design and construction of piping systems for
building heating and air conditioning. ASME Standard B31.5 gives
similar requirements for refrigerant piping.

PIPE

Steel Pipe
Steel pipe is manufactured by several processes. Seamless pipe,

made by piercing or extruding, has no longitudinal seam. Other
manufacturing methods roll a strip or sheet of steel (skelp) into a
cylinder and weld a longitudinal seam. A continuous-weld (CW)
furnace butt-welding process forces and joins the edges together at
high temperature. An electric current welds the seam in electric-
resistance-welded (ERW) pipe. ASTM Standards A53 and A106

The preparation of this chapter is assigned to TC 6.1, Hydronic and Steam
Equipment and Systems.
grade has a lower tensile strength and is not widely used.
The ASME pressure piping codes require that a longitudinal

joint efficiency factor E (Table 1) be applied to each type of seam
when calculating the allowable stress. ASME Standard B36.10M
specifies the dimensional standard for steel pipe. Through 12 in.
diameter, nominal pipe sizes (NPS) are used, which do not match
the internal or external diameters. For pipe 14 in. and larger, the size
corresponds to the outside diameter.

Steel pipe is manufactured with wall thicknesses identified by
schedule or weight class. Although schedule numbers and weight
class designations are related, they are not constant for all pipe sizes.
Standard weight (STD) and Schedule 40 pipe have the same wall
thickness through NPS 10. For 12 in. and larger standard weight
pipe, the wall thickness remains constant at 0.375 in., whereas
Schedule 40 wall thickness increases with each size. A similar
equality exists between Extra Strong (XS) and Schedule 80 pipe
through 8 in.; above 8 in., XS pipe has a 0.500 in. wall, whereas
Schedule 80 increases in wall thickness. Table 2 lists properties of
representative steel pipe.

Joints in steel pipe are made by welding or by using threaded,
flanged, or grooved fittings. Unreinforced welded-in branch con-
nections weaken a main pipeline, and added reinforcement is nec-
essary, unless the excess wall thickness of both mains and branches
is sufficient to sustain the pressure.

ASME Standard B31.1 gives formulas for determining whether
reinforcement is required. Such calculations are seldom needed in
HVAC applications because (1) standard-weight pipe through NPS
20 at 300 psig requires no reinforcement; full-size branch connec-
tions are not recommended; and (2) fittings such as tees and rein-
forced outlet fittings provide inherent reinforcement.

Type F steel pipe is not allowed for ASME Standard B31.5
refrigerant piping.

Copper Tube

Because of their inherent resistance to corrosion and ease of
installation, copper and copper alloys are often used in heating, air-
conditioning, refrigeration, and water supply installations. There
Table 1 Allowable Stressesa for Pipe and Tube

ASTM
Specification Grade Type

Manufacturing 
Process

Available
Sizes, in.

Minimum
Tensile 

Strength, psi

Basic
Allowable 

Stress S, psi

Joint
Efficiency
Factor E

Allowable 
Stressb

SE, psi

Allowable 
Stress Rangec 

SA, psi

A53 Steel — F Cont. Weld 1/2 to 4 45,000 11,250 0.6 6,800 16,900
A53 Steel B S Seamless 1/2 to 26 60,000 15,000 1.0 15,000 22,500
A53 Steel B E ERW 2 to 20 60,000 15,000 0.85 12,800 22,500
A106 Steel B S Seamless 1/2 to 26 60,000 15,000 1.0 15,000 22,500
B88 Copper — — Hard Drawn 1/4 to 12 36,000 9,000 1.0 9,000 13,500
aListed stresses are for temperatures to 650°F for steel pipe (to 400°F for Type F) 
and to 250°F for copper tubing.

bTo be used for internal pressure stress calculations in Equations (1) and (2).
cTo be used only for piping flexibility calculations; see Equations (3) and (4).
Related Commercial Resources
.1

http://membership.ashrae.org/template/AssetDetail?assetid=42236
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are two principal classes of copper tube. ASTM Standard B88
includes Types K, L, M, and DWV for water and drain service.
ASTM Standard B280 specifies air-conditioning and refrigeration
(ACR) tube for refrigeration service.

Types K, L, M, and DWV designate descending wall thicknesses
for copper tube. All types have the same outside diameter for corre-
sponding sizes. Table 3 lists properties of ASTM B88 copper tube.
In the plumbing industry, tube of nominal size approximates the
inside diameter. The heating and refrigeration trades specify copper
tube by the outside diameter (OD). ACR tubing has a different set of
wall thicknesses. Types K, L, and M tube may be hard drawn or
annealed (soft) temper.

Copper tubing is joined with soldered or brazed, wrought or cast
copper capillary socket-end fittings. Table 4 lists pressure/tempera-
ture ratings of soldered and brazed joints. Small copper tube is also
joined by flare or compression fittings. 

Hard-drawn tubing has a higher allowable stress than annealed
tubing, but if hard tubing is joined by soldering or brazing, the
annealed allowable stress should be used.

Brass pipe and copper pipe are also made in steel pipe thick-
nesses for threading. High cost has eliminated these materials from
the market, except for special applications.

The heating and air-conditioning industry generally uses Types L
and M tubing, which have higher internal working pressure ratings
than the solder joints used at fittings. Type K may be used with
brazed joints for higher pressure-temperature requirements or for
direct burial. Type M should be used with care where exposed to
potential external damage.

Copper and brass should not be used in ammonia refrigerating
systems. The section on Special Systems covers other limitations on
refrigerant piping.

Ductile Iron and Cast Iron
Cast-iron soil pipe comes in XH or service weight. It is not used

under pressure because the pipe is not suitable and the joints are not
restrained. Cast-iron pipe and fittings typically have bell and spigot
ends for lead and oakum joints or elastomer push-on joints. Cast-
iron pipe and fittings are also furnished with no-hub ends for joining
with no-hub clamps. Local plumbing codes specify permitted mate-
rials and joints.

Ductile iron has now replaced cast iron for pressure pipe. Ductile
iron is stronger, less brittle, and similar to cast iron in corrosion resis-
tance. It is commonly used for buried pressure water mains or in
other locations where internal or external corrosion is a problem.
Joints are made with flanged fittings, mechanical joint (MJ) fittings,
or elastomer gaskets for bell and spigot ends. Bell and spigot and MJ
joints are not self-restrained. Restrained MJ systems are available.
Ductile-iron pipe is made in seven thickness classes for different ser-
vice conditions. AWWA Standard C150/A2l.50 covers the proper
selection of pipe classes.

FITTINGS

The following standards give dimensions and pressure ratings for
fittings, flanges, and flanged fittings. These data are also available
from manufacturers’ catalogs.

Applicable Standards for Fittings

Steela ASME Std.
Pipe Flanges and Flanged Fittings B16.5
Factory-Made Wrought Steel Buttwelding Fittings B16.9
Forged Fittings, Socket-Welding and Threaded B16.11
Wrought Steel Buttwelding Short Radius 

Elbows and Returns B16.28

Cast Iron, Malleable Iron, Ductile Ironb

Cast Iron Pipe Flanges and Flanged Fittings B16.1
Malleable Iron Threaded Fittings B16.3
JOINING METHODS

Threading
Threading as per ASME Standard B1.20.1 is the most common

method for joining small-diameter steel or brass pipe. Pipe with a
wall thickness less than standard weight should not be threaded.
ASME Standard B31.5 limits the threading for various refrigerants
and pipe sizes.

Soldering and Brazing
Copper tube is usually joined by soldering or brazing socket end

fittings. Brazing materials melt above 1000°F and produce a stron-
ger joint than solder. Table 4 lists soldered and brazed joint
strengths. ASME Standard B16.22 specified wrought copper solder
joint fittings and ASME Standard B16.18 specified cast copper sol-
der joint fittings are pressure rated the same way as annealed Type
L copper tube of the same size. Health concerns have caused many
jurisdictions to ban solder containing lead or antimony for joining
pipe in potable-water systems. Lead-based solder, in particular,
must not be used for potable water.

Flared and Compression Joints
Flared and compression fittings can be used to join copper, steel,

stainless steel, and aluminum tubing. Properly rated fittings can
keep the joints as strong as the tube.

Gray Iron Threaded Fittings B16.4
Cast Iron Threaded Drainage Fittings B16.12
Ductile Iron Pipe Flanges and Flanged Fittings, 

Classes 150 and 300 B16.42

Copper and Bronzec

Cast Bronze Threaded Fittings, Classes 125 and 25 B16.15
Cast Copper Alloy Solder Joint Pressure Fittings B16.18
Wrought Copper and Copper Alloy Solder Joint 

Pressure Fittings B16.22
Cast Copper Alloy Solder Joint Drainage Fittings, DWV B16.23
Cast Copper Alloy Pipe Flanges and Flanged Fittings, 

Classes 150, 300, 400, 600, 900, 1500, and 2500 B16.24
Cast Copper Alloy Fittings for Flared Copper Tubes B16.26
Wrought Copper and Wrought Copper Alloy

Solder Joint Drainage Fittings B16.29

Nonmetallicd ASTM Std.

Threaded PVC Plastic Pipe Fittings, Schedule 80 D2464
Threaded PVC Plastic Pipe Fittings, Schedule 40 D2466
Socket-Type PVC Plastic Pipe Fittings, Schedule 80 D2467
Reinforced Epoxy Resin Gas Pressure Pipe and Fittings D2517
Threaded CPVC Plastic Pipe Fittings, Schedule 80 F437
Socket-Type CPVC Plastic Pipe Fittings, Schedule 40 F438
Socket-Type CPVC Plastic Pipe Fittings, Schedule 80 F439
Polybutylene (PB) Plastic Hot- and Cold-Water

Distribution Systems D3309
Plastic Insert Fittings for Polybutylene Tubing F845
Solvent Cements for PVC Plastic Piping Systems D2564
Solvent Cements for CPVC Plastic Pipe and Fittings F493
aWrought steel butt-welding fittings are made to match steel pipe wall thicknesses and
are rated at the same working pressure as seamless pipe. Flanges and flanged fittings
are rated by working steam pressure classes. Forged steel fittings are rated from 2000
to 6000 psi in classes and are used for high-temperature and high-pressure service for
small pipe sizes.

bThe class numbers refer to the maximum working saturated steam gage pressure (in
psi). For liquids at lower temperatures, higher pressures are allowed. Groove-end fit-
tings of these materials are made by various manufacturers who publish their own rat-
ings.

cThe classes refer to maximum working steam gage pressure (in psi). At ambient tem-
peratures, higher liquid pressures are allowed. Solder joint fittings are limited by the
strength of the soldered or brazed joint (see Table 4).

dRatings of plastic fittings match the pipe of corresponding schedule number.
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Table 2 Steel Pipe Data

Nominal 
Size,
in.

Pipe
OD,
in.

Schedule 
Number 

or 
Weighta

Wall 
Thickness 

t, in.

Inside 
Diameter 

d, in.

Surface Area Cross Section Weight
Working Pressurec

ASTM A53 B to 400°F

Outside, 
ft2/ft

Inside,
ft2/ft

Metal 
Area, in2

Flow 
Area, in2

Pipe,
lb/ft

Water, 
lb/ft

Mfr.
Process

Joint 
Typeb psig

1/4 0.540 40 ST 0.088  0.364 0.141 0.095 0.125 0.104  0.424  0.045 CW T  188
80 XS 0.119 0.302 0.141 0.079 0.157 0.072 0.535 0.031 CW T 871

3/8 0.675 40 ST 0.091 0.493 0.177 0.129 0.167 0.191 0.567 0.083 CW T 203
80 XS 0.126 0.423 0.177 0.111 0.217 0.141 0.738 0.061 CW T 820

1/2 0.840 40 ST 0.109 0.622 0.220 0.163 0.250 0.304 0.850 0.131 CW T 214
80 XS 0.147 0.546 0.220 0.143 0.320 0.234 1.087 0.101 CW T 753

3/4 1.050 40 ST 0.113 0.824 0.275 0.216 0.333 0.533 1.13 0.231 CW T 217
80 XS 0.154 0.742 0.275 0.194 0.433 0.432 1.47 0.187 CW T 681

1 1.315 40 ST 0.133 1.049 0.344 0.275 0.494 0.864 1.68 0.374 CW T 226
80 XS 0.179 0.957 0.344 0.251 0.639 0.719 2.17 0.311 CW T 642

1-1/4 1.660 40 ST 0.140 1.380 0.435 0.361 0.669 1.50 2.27 0.647 CW T 229
80 XS 0.191 1.278 0.435 0.335 0.881 1.28 2.99 0.555 CW T 594

1-1/2 1.900 40 ST 0.145 1.610 0.497 0.421 0.799 2.04 2.72 0.881 CW T 231
80 XS 0.200 1.500 0.497 0.393 1.068 1.77 3.63 0.765 CW T 576

2 2.375 40 ST 0.154 2.067 0.622 0.541 1.07 3.36 3.65 1.45 CW T 230
80 XS 0.218 1.939 0.622 0.508 1.48 2.95 5.02 1.28 CW T 551

2-1/2 2.875 40 ST 0.203 2.469 0.753 0.646 1.70 4.79 5.79 2.07 CW W 533
80 XS 0.276 2.323 0.753 0.608 2.25 4.24 7.66 1.83 CW W 835

3 3.500 40 ST 0.216 3.068 0.916 0.803 2.23 7.39 7.57 3.20 CW W 482
80 XS 0.300 2.900 0.916 0.759 3.02 6.60 10.25 2.86 CW W 767

4 4.500 40 ST 0.237 4.026 1.178 1.054 3.17 12.73 10.78 5.51 CW W 430
80 XS 0.337 3.826 1.178 1.002 4.41 11.50 14.97 4.98 CW W 695

6 6.625 40 ST 0.280 6.065 1.734 1.588 5.58 28.89 18.96 12.50 ERW W 696
80 XS 0.432 5.761 1.734 1.508 8.40 26.07 28.55 11.28 ERW W 1209

8 8.625 30 0.277 8.071 2.258 2.113 7.26 51.16 24.68 22.14 ERW W 526
40 ST 0.322 7.981 2.258 2.089 8.40 50.03 28.53 21.65 ERW W 643
80 XS 0.500 7.625 2.258 1.996 12.76 45.66 43.35 19.76 ERW W 1106

10 10.75 30 0.307 10.136 2.814 2.654 10.07 80.69 34.21 34.92 ERW W 485
40 ST 0.365 10.020 2.814 2.623 11.91 78.85 40.45 34.12 ERW W 606

 XS 0.500 9.750 2.814 2.552 16.10 74.66 54.69 32.31 ERW W 887
80 0.593 9.564 2.814 2.504 18.92 71.84 64.28 31.09 ERW W 1081

12 12.75 30 0.330 12.090 3.338 3.165 12.88 114.8 43.74 49.68 ERW W 449
ST 0.375 12.000 3.338 3.141 14.58 113.1 49.52 48.94 ERW W 528

40 0.406 11.938 3.338 3.125 15.74 111.9 53.48 48.44 ERW W 583
XS 0.500 11.750 3.338 3.076 19.24 108.4 65.37 46.92 ERW W 748

80 0.687 11.376 3.338 2.978 26.03 101.6 88.44 43.98 ERW W 1076

14 14.00 30 ST 0.375 13.250 3.665 3.469 16.05 137.9 54.53 59.67 ERW W 481
40 0.437 13.126 3.665 3.436 18.62 135.3 63.25 58.56 ERW W 580

XS 0.500 13.000 3.665 3.403 21.21 132.7 72.04 57.44 ERW W 681
80 0.750 12.500 3.665 3.272 31.22 122.7 106.05 53.11 ERW W 1081

16 16.00 30 ST 0.375 15.250 4.189 3.992 18.41 182.6 62.53 79.04 ERW W 421
40 XS 0.500 15.000 4.189 3.927 24.35 176.7 82.71 76.47 ERW W 596

18 18.00 ST 0.375 17.250 4.712 4.516 20.76 233.7 70.54 101.13 ERW W 374
30 0.437 17.126 4.712 4.483 24.11 230.3 81.91 99.68 ERW W 451

XS 0.500 17.000 4.712 4.450 27.49 227.0 93.38 98.22 ERW W 530
40 0.562 16.876 4.712 4.418 30.79 223.7 104.59 96.80 ERW W 607

20 20.00 20 ST 0.375 19.250 5.236 5.039 23.12 291.0 78.54 125.94 ERW W 337
30 XS 0.500 19.000 5.236 4.974 30.63 283.5 104.05 122.69 ERW W 477
40 0.593 18.814 5.236 4.925 36.15 278.0 122.82 120.30 ERW W 581

aNumbers are schedule numbers per ASME Standard B36.10M; ST = Standard Weight;
XS = Extra Strong.

bT = Thread; W = Weld
cWorking pressures were calculated per ASME B31.9 using furnace butt-weld (contin-
uous weld, CW) pipe through 4 in. and electric resistance weld (ERW) thereafter. The
allowance A has been taken as

(1) 12.5% of t for mill tolerance on pipe wall thickness, plus

(2) An arbitrary corrosion allowance of 0.025 in. for pipe sizes through NPS 2 and 
0.065 in. from NPS 2½ through 20, plus

(3) A thread cutting allowance for sizes through NPS 2.

Because the pipe wall thickness of threaded standard pipe is so small after deducting the
allowance A, the mechanical strength of the pipe is impaired. It is good practice to limit
standard weight threaded pipe pressure to 90 psig for steam and 125 psig for water.
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Table 3 Copper Tube Data

Nominal 
Diameter, 

in. Type

Wall 
Thick-

ness
t, in.

Diameter Surface Area Cross Section Weight
Working Pressurea,b,c 
ASTM B88 to 250°F

Outside
D, in.

Inside
d, in.

Outside, 
ft2/ft

Inside,
ft2/ft

Metal 
Area, in2

Flow
Area, in2

Tube,
lb/ft

Water,
lb/ft

Annealed, 
psig

Drawn, 
psig

1/4 K 0.035 0.375 0.305 0.098 0.080 0.037 0.073 0.145 0.032 851 1596
L 0.030 0.375 0.315 0.098 0.082 0.033 0.078 0.126 0.034 730 1368

3/8 K 0.049 0.500 0.402 0.131 0.105 0.069 0.127 0.269 0.055 894 1676
L 0.035 0.500 0.430 0.131 0.113 0.051 0.145 0.198 0.063 638 1197
M 0.025 0.500 0.450 0.131 0.118 0.037 0.159 0.145 0.069 456 855

1/2 K 0.049 0.625 0.527 0.164 0.138 0.089 0.218 0.344 0.094 715 1341
L 0.040 0.625 0.545 0.164 0.143 0.074 0.233 0.285 0.101 584 1094
M 0.028 0.625 0.569 0.164 0.149 0.053 0.254 0.203 0.110 409 766

5/8 K 0.049 0.750 0.652 0.196 0.171 0.108 0.334 0.418 0.144 596 1117
L 0.042 0.750 0.666 0.196 0.174 0.093 0.348 0.362 0.151 511 958

3/4 K 0.065 0.875 0.745 0.229 0.195 0.165 0.436 0.641 0.189 677 1270
L 0.045 0.875 0.785 0.229 0.206 0.117 0.484 0.455 0.209 469 879
M 0.032 0.875 0.811 0.229 0.212 0.085 0.517 0.328 0.224 334 625

1 K 0.065 1.125 0.995 0.295 0.260 0.216 0.778 0.839 0.336 527 988
L 0.050 1.125 1.025 0.295 0.268 0.169 0.825 0.654 0.357 405 760
M 0.035 1.125 1.055 0.295 0.276 0.120 0.874 0.464 0.378 284 532

1-1/4 K 0.065 1.375 1.245 0.360 0.326 0.268 1.217 1.037 0.527 431 808
L 0.055 1.375 1.265 0.360 0.331 0.228 1.257 0.884 0.544 365 684
M 0.042 1.375 1.291 0.360 0.338 0.176 1.309 0.682 0.566 279 522

DWV 0.040 1.375 1.295 0.360 0.339 0.168 1.317 0.650 0.570 265 497
1-1/2 K 0.072 1.625 1.481 0.425 0.388 0.351 1.723 1.361 0.745 404 758

L 0.060 1.625 1.505 0.425 0.394 0.295 1.779 1.143 0.770 337 631
M 0.049 1.625 1.527 0.425 0.400 0.243 1.831 0.940 0.792 275 516

DWV 0.042 1.625 1.541 0.425 0.403 0.209 1.865 0.809 0.807 236 442

2 K 0.083 2.125 1.959 0.556 0.513 0.532 3.014 2.063 1.304 356 668
L 0.070 2.125 1.985 0.556 0.520 0.452 3.095 1.751 1.339 300 573
M 0.058 2.125 2.009 0.556 0.526 0.377 3.170 1.459 1.372 249 467

DWV 0.042 2.125 2.041 0.556 0.534 0.275 3.272 1.065 1.416 180 338
2-1/2 K 0.095 2.625 2.435 0.687 0.637 0.755 4.657 2.926 2.015 330 619

L 0.080 2.625 2.465 0.687 0.645 0.640 4.772 2.479 2.065 278 521
M 0.065 2.625 2.495 0.687 0.653 0.523 4.889 2.026 2.116 226 423

3 K 0.109 3.125 2.907 0.818 0.761 1.033 6.637 4.002 2.872 318 596
L 0.090 3.125 2.945 0.818 0.771 0.858 6.812 3.325 2.947 263 492
M 0.072 3.125 2.981 0.818 0.780 0.691 6.979 2.676 3.020 210 394

DWV 0.045 3.125 3.035 0.818 0.795 0.435 7.234 1.687 3.130 131 246

3-1/2 K 0.120 3.625 3.385 0.949 0.886 1.321 8.999 5.120 3.894 302 566
L 0.100 3.625 3.425 0.949 0.897 1.107 9.213 4.291 3.987 252 472
M 0.083 3.625 3.459 0.949 0.906 0.924 9.397 3.579 4.066 209 392

4 K 0.134 4.125 3.857 1.080 1.010 1.680 11.684 6.510 5.056 296 555
L 0.110 4.125 3.905 1.080 1.022 1.387 11.977 5.377 5.182 243 456
M 0.095 4.125 3.935 1.080 1.030 1.203 12.161 4.661 5.262 210 394

DWV 0.058 4.125 4.009 1.080 1.050 0.741 12.623 2.872 5.462 128 240
5 K 0.160 5.125 4.805 1.342 1.258 2.496 18.133 9.671 7.846 285 534

L 0.125 5.125 4.875 1.342 1.276 1.963 18.665 7.609 8.077 222 417
M 0.109 5.125 4.907 1.342 1.285 1.718 18.911 6.656 8.183 194 364

DWV 0.072 5.125 4.981 1.342 1.304 1.143 19.486 4.429 8.432 128 240

6 K 0.192 6.125 5.741 1.603 1.503 3.579 25.886 13.867 11.201 286 536
L 0.140 6.125 5.845 1.603 1.530 2.632 26.832 10.200 11.610 208 391
M 0.122 6.125 5.881 1.603 1.540 2.301 27.164 8.916 11.754 182 341

DWV 0.083 6.125 5.959 1.603 1.560 1.575 27.889 6.105 12.068 124 232
8 K 0.271 8.125 7.583 2.127 1.985 6.687 45.162 25.911 19.542 304 570

L 0.200 8.125 7.725 2.127 2.022 4.979 46.869 19.295 20.280 224 421
M 0.170 8.125 7.785 2.127 2.038 4.249 47.600 16.463 20.597 191 358

DWV 0.109 8.125 7.907 2.127 2.070 2.745 49.104 10.637 21.247 122 229

10 K 0.338 10.125 9.449 2.651 2.474 10.392 70.123 40.271 30.342 304 571
L 0.250 10.125 9.625 2.651 2.520 7.756 72.760 30.054 31.483 225 422
M 0.212 10.125 9.701 2.651 2.540 6.602 73.913 25.584 31.982 191 358

12 K 0.405 12.125 11.315 3.174 2.962 14.912 100.554 57.784 43.510 305 571
L 0.280 12.125 11.565 3.174 3.028 10.419 105.046 40.375 45.454 211 395
M 0.254 12.125 11.617 3.174 3.041 9.473 105.993 36.706 45.863 191 358

aWhen using soldered or brazed fittings, the joint determines the limiting pressure.
bWorking pressures were calculated using ASME Standard B31.9 allowable stresses. A
5% mill tolerance has been used on the wall thickness. Higher tube ratings can be calcu-
lated using the allowable stress for lower temperatures.

cIf soldered or brazed fittings are used on hard drawn tubing, use the annealed ratings.
Full-tube allowable pressures can be used with suitably rated flare or compression-type
fittings.
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Table 4 Internal Working Pressure for Copper Tube Joints

Alloy Used for Joints

Service
Temperature,

°F

Internal Working Pressure, psi

Water and Noncorrosive Liquids and Gasesa
Sat. Steam and 

Condensate

Nominal Tube Size (Types K, L, M), in.

1/4 to 1 1 1/4 to 2 2 1/2 to 4 5 to 8a 10 to 12a 1/4 to 8

50-50 Tin/leadb solder
(ASTM B32 Gr 50A)

100 200 175 150 130 100 —
150 150 125 100  90  70 —
200 100  90  75  70  50 —
250  85  75  50  45  40 15

95-5 Tin/antimonyc solder
(ASTM B32 Gr 50TA)

100 500 400 300 270 150 —
150 400 350 275 250 150 —
200 300 250 200 180 140 —
250 200 175 150 135 110 15

Brazing alloys melting at or 
above 1000°F

100 to 200 d d d d d —
250 300 210 170 150 150 —
350 270 190 150 150 150 120

Source: Based on ASME Standard B31.9, Building Services Piping
aSolder joints are not to be used for
(1) Flammable or toxic gases or liquids
(2) Gas, vapor, or compressed air in tubing over 4 in., unless max. pressure is limited to 20 psig.

bLead solders must not be used in potable-water systems.
cTin/antimony solder is allowed for potable-water supplies in some juris-
dictions.

dRated pressure for up to 200°F applies to the tube being joined.
Flanges
Flanges can be used for large pipe and all piping materials. They

are commonly used to connect to equipment and valves, and wher-
ever the joint must be opened to permit service or replacement of
components. For steel pipe, flanges are available in pressure ratings
to 2500 psig. High tensile strength bolts must be used for high pres-
sure flanged joints.

For welded pipe, weld neck, slip-on, or socket weld flanges are
available. Thread-on flanges are available for threaded pipe.

Flanges are generally flat faced or raised face. Flat-faced flanges
with full-faced gaskets are most often used with cast iron and mate-
rials that cannot take high bending loads. Raised-face flanges with
ring gaskets are preferred with steel pipe because they facilitate
increasing the sealing pressure on the gasket to help prevent leaks.
Other facings, such as O ring and ring joint, are available for special
applications.

All flat-faced, raised-face, and lap-joint flanges require a gasket
between the mating flange surfaces. Gaskets are made from rubber,
synthetic elastomers, cork, fiber, plastic, teflon, metal, and combi-
nations of these materials. The gasket must be compatible with the
flowing media and the temperatures at which the system operates.

Welding
Welded-steel pipe joints offer the following advantages:

• Do not age, dry out, or deteriorate as do gasketed joints
• Can accommodate greater vibration and water hammer and

higher temperatures and pressures than other joints
• For critical service, can be tested by any of several nondestructive

examination (NDE) methods, such as radiography or ultrasound
• Provide maximum long-term reliability

The applicable sections of the ASME Standard B31series and
the ASME Boiler and Pressure Vessel Code give rules for welding.
ASTM Standard B31 requires that all welders and welding proce-
dure specifications (WPS) be qualified. Separate WPS are needed
for different welding methods and materials. The qualifying tests
and the variables requiring separate procedure specifications are set
forth in the ASME Boiler and Pressure Vessel Code, Section IX.
The manufacturer, fabricator, or contractor is responsible for the
welding procedure and welders. ASME Standard B31.9 requires
visual examination of welds and outlines limits of acceptability.

The following welding processes are often used in the HVAC
industry:
SMAW: shielded metal arc welding (stick welding). The molten weld
metal is shielded by the vaporization of the electrode coating.

GMAW: gas metal arc welding, also called MIG. The electrode is a
continuously fed wire, which is shielded by argon or carbon
dioxide gas from the welding gun nozzle.

GTAW: gas tungsten arc welding, also called TIG or Heliarc. This
process uses a nonconsumable tungsten electrode surrounded by
a shielding gas. The weld material may be provided from a sep-
arate noncoated rod.

Reinforced Outlet Fittings
Reinforced outlet fittings are used to make branch and take-off

connections and are designed to permit welding directly to pipe
without supplemental reinforcing. Fittings are available with
threaded, socket, or butt-weld outlets.

Other Joints
Grooved joints require special grooved fittings and a shallow

groove cut or rolled into the pipe end. These joints can be used with
steel, cast iron, ductile-iron, copper, and plastic pipes. A segmented
clamp engages the grooves and a special gasket designed so that
internal pressure tightens the seal. Some clamps are designed with
clearance between tongue and groove to accommodate misalign-
ment and thermal movements, and others are designed to limit
movement and provide a rigid system. Manufacturers’ data gives
temperature and pressure limitations.

Another form of mechanical joint consists of a sleeve slightly
larger than the outside diameter of the pipe. The pipe ends are
inserted into the sleeve, and gaskets are packed into the annular space
between the pipe and coupling and held in place by retainer rings.
This type of joint can accept some axial misalignment, but it must be
anchored or otherwise restrained to prevent axial pullout or lateral
movement. Manufacturers provide pressure/temperature data.

Ductile-iron pipe is furnished with a spigot end adapted for a gas-
ket and retainer ring. This joint is also not restrained.

Unions
Unions allow disassembly of threaded pipe systems. Unions are

three-part fittings with a mating machined seat on the two parts that
thread onto the pipe ends. A threaded locking ring holds the two
ends tightly together. A union also allows threaded pipe to be turned
at the last joint connecting two pieces of equipment. Companion
flanges (a pair) for small pipe serve the same purpose.
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SPECIAL SYSTEMS

Certain piping systems are governed by separate codes or stan-
dards, which are summarized below. Generally, any failure of the
piping in these systems is dangerous to the public, so some local
areas have adopted laws enforcing the codes.

• Boiler piping. ASME Standard B31.1 and the ASME Boiler and
Pressure Vessel Code (Section I) specify the piping inside the
code-required stop valves on boilers that operate above 15 psig
with steam, or above 160 psig or 250°F with water. These codes
require fabricators and contractors to be certified for such work.
The field or shop work must also be inspected while it is in
progress by inspectors commissioned by the National Board of
Boiler and Pressure Vessel Inspectors.

• Refrigeration piping. ASME Standard B31.5 and ASHRAE
Standard 15 cover the requirements for refrigerant piping.

• Plumbing systems. Local codes cover piping for plumbing.
• Sprinkler systems. NFPA Standard 13 covers this field.
• Fuel gas. NFPA 54/ANSI Z223.1, National Fuel Gas Code, pre-

scribes fuel gas piping in buildings.
SELECTION OF MATERIALS

Each HVAC system and, under some conditions, portions of a
system require a study of the conditions of operation to determine
suitable materials. For example, because the static pressure of water
in a high-rise building is higher in the lower levels than in the upper
levels, different materials may be required along vertical zones.

The following factors should be considered when selecting mate-
rial for piping:

• Code requirements
• Working fluid in the pipe
• Pressure and temperature of the fluid
• External environment of the pipe
• Installation cost

Table 5 lists materials used for heating and air-conditioning pip-
ing. The pressure and temperature rating of each component
selected must be considered; the lowest rating establishes the oper-
ating limits of the system.
  
Table 5 Application of Pipe, Fittings, and Valves for Heating and Air Conditioning

Application Pipe Material Weight Joint Type

Fitting

System

Temperature,
°F

Maximum
Pressure at

Temperature,a psigClass Material

Recirculating Water
2 in. and smaller

Steel (CW) Standard Thread 125 Cast iron 250 125
Copper, hard Type L Braze or silver solderb Wrought copper 250 200
PVC Sch 80 Solvent Sch 80 PVC 75
CPVC Sch 80 Solvent Sch 80 CPVC 150
PB SDR-11 Heat fusion PB 160

Insert crimp Metal 160

2.5 to 12 in. A53 B ERW Steel Standard Weld Standard Wrought steel 250 400
Flange 150 Wrought steel 250 250
Flange 125 Cast iron 250 175
Flange 250 Cast iron 250 400
Groove MI or ductile iron 230 300

PB SDR-11 Heat fusion PB 160

Steam and Condensate
2 in. and smaller

Steel (CW) Standardc Thread 125 Cast iron 90
Thread 150 Malleable iron 90

A53 B ERW Steel Standardc Thread 125 Cast iron 100
Thread 150 Malleable iron 125

A53 B ERW Steel XS Thread 250 Cast iron 200
Thread 300 Malleable iron 250

2.5 to 12 in. Steel Standard Weld Standard Wrought steel 250
Flange 150 Wrought steel 200
Flange 125 Cast iron 100

A53 B ERW Steel XS Weld XS Wrought steel 700
Flange 300 Wrought steel 500
Flange 250 Cast iron 200

Refrigerant Copper, hard Type L or K Braze Wrought copper
A53 B SML Steel Standard Weld Wrought steel

Underground Water
Through 12 in. Copper, hard Type K Braze or silver solderb Wrought copper 75 350
Through 6 in. Ductile iron Class 50 MJ MJ Cast iron 75 250

PB SDR 9, 11 Heat fusion PB 75
SDR 7, 11.5 Insert crimp Metal 75

Potable Water, 
Inside Building

Copper, hard Type L Braze or silver solderb Wrought copper 75 350
Steel, galvanized Standard Thread 125 Galv. cast iron 75 125

150 Galv. mall. iron 75 125
PB SDR-11 Heat fusion PB 75

Insert crimp Metal 75
aMaximum allowable working pressures have been derated in this table. Higher
system pressures can be used for lower temperatures and smaller pipe sizes.
Pipe, fittings, joints, and valves must all be considered.

bLead- and antimony-based solders should not be used for potable-water systems. Brazing and
silver solders should be employed.

cExtra-strong pipe is recommended for all threaded condensate piping to allow for corrosion.
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PIPE WALL THICKNESS
The primary factors determining pipe wall thickness are hoop

stress due to internal pressure and longitudinal stresses due to pres-
sure, weight, and other sustained loads. Detailed stress calculations
are seldom required for HVAC applications because standard pipe has
ample thickness to sustain the pressure and longitudinal stress due to
weight (assuming hangers are spaced in accordance with Table 6).

STRESS CALCULATIONS
Although stress calculations are seldom required, the factors

involved should be understood. The main areas of concern are (1)
internal pressure stress, (2) longitudinal stress due to pressure and
weight, and (3) stress due to expansion and contraction.

ASME B31 standards establish a basic allowable stress S equal
to one-fourth of the minimum tensile strength of the material. This
value is adjusted, as discussed in this section, because of the nature
of certain stresses and manufacturing processes.

Hoop stress caused by internal pressure is the major stress on
pipes. As certain forming methods form a seam that may be weaker
than the base material, ASME Standard B31.9 specifies a joint effi-
ciency factor E which, multiplied by the basic allowable stress,
establishes a maximum allowable stress value in tension SE. (Table
A-1 in ASME B31.9 lists values of SE for commonly used pipe
materials.) The joint efficiency factor can be significant; for exam-
ple, seamless pipe has a joint efficiency factor of 1, so it can be used
to the full allowable stress (one-quarter of the tensile strength). In
contrast, butt-welded pipe has a joint efficiency factor of 0.60, so its
maximum allowable stress must be derated (SE = 0.6S).

Equation (1) determines the minimum wall thickness for a given
pressure. Equation (2) determines the maximum pressure allowed
for a given wall thickness.

(1)

(2)

where
tm = minimum required wall thickness, in.
SE = maximum allowable stress, psi

Table 6 Suggested Hanger Spacing and Rod Size for
Straight Horizontal Runs

NPS,
in.

Hanger Spacing, ft

Rod Size,
in.

Standard Steel Pipe* Copper Tube

Water Steam Water

1/2 7 8 5 1/4
3/4 7 9 5 1/4
1 7 9 6 1/4

1 1/2 9 12 8 3/8
2 10 13 8 3/8

2 1/2 11 14 9 3/8
3 12 15 10 3/8
4 14 17 12 1/2
6 17 21 14 1/2
8 19 24 16 5/8

10 20 26 18 3/4
12 23 30 19 7/8
14 25 32 1
16 27 35 1
18 28 37 1 1/4
20 30 39 1 1/4

Source: Adapted from MSS Standard SP-69
*Spacing does not apply where span calculations are made or where concentrated
loads are placed between supports such as flanges, valves, specialties, etc.

tm
pD

2SE
--------- A+=

p
2SE tm A–( )

D
-----------------------------=
D = outside pipe diameter, in.
A = allowance for manufacturing tolerance, threading, grooving, and 

corrosion, in.
p = internal pressure, psi

Both equations incorporate an allowance factor A to compensate
for manufacturing tolerances, material removed in threading or
grooving, and corrosion. For the seamless, butt-welded, and electric
resistance welded (ERW) pipe most commonly used in HVAC
work, the standards apply a manufacturing tolerance of 12.5%.
Working pressure for steel pipe, as listed in Table 2, has been calcu-
lated using a manufacturing tolerance of 12.5%, standard allowance
for depth of thread (where applicable), and a corrosion allowance of
0.065 in. for pipes 2 1/2 in. and larger and 0.025 in. for pipes 2 in.
and smaller. Where corrosion is known to be greater or smaller,
pressure rating can be recalculated using Equation (2). Higher pres-
sure ratings than shown in Table 2 can be obtained (1) by using
ERW or seamless pipe in lieu of continuous-weld (CW) pipe 4 in.
and less and seamless pipe in lieu of ERW pipe 5 in. and greater (due
to higher joint efficiency factors), or (2) by using heavier wall pipe.

Longitudinal stresses caused by pressure, weight, and other sus-
tained forces are additive, and the sum of all such stresses must not
exceed the basic allowable stress S at the highest temperature at
which the system will operate. Longitudinal stress caused by pres-
sure equals approximately one-half the hoop stress caused by inter-
nal pressure, which means that at least one-half the basic allowable
stress is available for weight and other sustained forces. This factor
is taken into account in Table 6.

Stresses caused by expansion and contraction are cyclical, and,
because creep allows some stress relaxation, the ASME B31 stan-
dards permit designing to an allowable stress range SA as calculated
by Equation (3). Table 1 lists allowable stress ranges for commonly
used piping materials.

SA = 1.25Sc + 0.25Sh (3)

where
SA = allowable stress range, psi
Sc = allowable cold stress at coolest temperature the system will 

experience, psi
Sh = allowable hot stress at hottest temperature the system will 

experience, psi

PLASTIC PIPING

Nonmetallic pipe is widely used in HVAC and plumbing. Plas-
tic is light in weight, generally inexpensive, and corrosion-
resistant. Plastic also has a low “C” factor (i.e., its surface is very
smooth), which results in lower pumping power and smaller pipe
sizes. The disadvantages of plastic pipe include the rapid loss of
strength at temperatures above ambient and the high coefficient of
linear expansion. The modulus of elasticity of plastics is low,
resulting in a short support span. Some jurisdictions do not allow
certain plastics in buildings because of toxic products emitted
under fire conditions.

Plastic piping materials fall into two main categories: thermo-
plastic and thermosetting. Thermoplastics melt and are formed by
extruding or molding. They are usually used without reinforcing fil-
aments. Thermosets are cured and cannot be reformed. They are
normally used with glass fiber reinforcing filaments.

For the purposes of this chapter, thermoplastic piping is made of
the following materials:

PVC polyvinyl chloride
CPVC chlorinated polyvinyl chloride

PB polybutylene
PE polyethylene
PP polypropylene

ABS acrylonitrile butadiene styrene
PVDF polyvinylidene fluoride
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Thermosetting piping used in HVAC is called (1) reinforced ther-
mosetting resin (RTR) and (2) fiberglass-reinforced plastic (FRP).
RTR and FRP are interchangeable and refer to pipe and fittings
commonly made of (1) fiberglass-reinforced epoxy resin, (2) fiber-
glass-reinforced vinyl ester, and (3) fiberglass-reinforced polyester.

Pipe and fittings made from epoxy resin are generally stronger
and operate at a higher temperature than those made from polyester
or vinyl ester resins, so they are more likely to be used in HVAC.

Table 7 lists properties of various plastic piping materials. Values
for steel and copper are given for comparison.

Allowable Stress
Both thermoplastics and thermosets have an allowable stress

derived from a hydrostatic design basis stress (HDBS). The HDBS
is determined by a statistical analysis of both static and cyclic stress
rupture test data as set forth in ASTM Standard D2837 for thermo-
plastics and ASTM Standard D2992 for glass-fiber-reinforced ther-
mosetting resins.

The allowable stress, which is called the hydrostatic design stress
(HDS), is obtained by multiplying the HDBS by a service factor.
The HDS values recommended by some manufacturers and those
allowed by the ASME B31, Code for Pressure Piping, are listed in
Table 7.

The pressure design thickness for plastic pipe can be calculated
using the code stress values and the following formula:

t = pD/(2S + p) (4)

where
t = pressure design thickness, in.
p = internal design pressure, psig
D = pipe outside diameter, in.
S = design stress (HDS), psi

The minimum required wall thickness can be found by adding an
allowance for mechanical strength, threading, grooving, erosion,
and corrosion to the calculated pressure design thickness.

As there are many formulations of the polymers used for piping
materials and different joining methods for each, manufacturers’
recommendations should be observed. Most catalogs give the pres-
sure ratings for pipe and fittings at various temperatures up to the
maximum the material will withstand.

Plastic Material Selection
The selection of a plastic for a specific purpose requires atten-

tion. All are suitable for cold water. Plastic pipe should not be used
for compressed gases or compressed air if the pipe is made of a
material subject to brittle failure. For other liquids and chemicals,
refer to charts provided by plastic pipe manufacturers and distribu-
tors. Table 7 gives properties of the various plastics discussed in this
section. The last column gives the relative cost of small pipe in each
category. Table 8 lists some applications pertinent to HVAC. The
following are brief descriptions of common uses for the various
materials.

PVC. Because polyvinyl chloride has the best overall range of
properties at the lowest cost, it is the most widely used plastic. It is
joined by solvent cementing, threading, or flanging. Gasketed push-
on joints are also used for larger sizes.

CPVC. Chlorinated polyvinyl chloride has the same properties
as PVC but can withstand a higher temperature before losing
strength. It is joined by the same methods as PVC.

PB. A lightweight, flexible material, polybutylene can be used
up to 210°F. It is used for both hot and cold plumbing water piping.
It is joined by heat fusion or mechanical means, can be bent to a 10
diameter radius, and is provided in coils.

PE. Low-density polyethylene (LDPE) is a flexible lightweight
tubing with good low-temperature properties. It is used in the food
and beverage industry and for instrument tubing. It is joined by
mechanical means such as compression fittings or push-on connec-
tors and clamps.

High-density polyethylene (HDPE) is a tough, weather-resistant
material used for large pipelines in the gas industry. Fabricated
fittings are available. It is joined by heat fusion for large sizes; flare,
compression, or insert fittings can be used on small sizes.

PP. Polypropylene is a lightweight plastic used for pressure
applications and also for chemical waste lines, because it is inert to
a wide range of chemicals. A broad variety of drainage fittings are
available. For pressure uses, regular fittings are made. It is joined by
heat fusion.

ABS. Acrylonitrile butadiene styrene is a high-strength, impact-
and weather-resistant material. Some formulations can be used for
compressed air. ABS is also used in the food and beverage industry.
A wide range of fittings is available. It is joined by solvent cement,
threading, or flanging.

PVDF. Polyvinylidene fluoride is widely used for ultrapure
water systems and in the pharmaceutical industry and has a wide
temperature range. This material is over 20 times more expensive
than PVC. It is joined by heat fusion, and fittings are made for this
purpose. For smaller sizes, mechanical joints can be used.

PIPE-SUPPORTING ELEMENTS

Pipe-supporting elements consist of (1) hangers, which support
from above; (2) supports, which bear load from below; and
(3) restraints, such as anchors and guides, which limit or direct
movement, as well as support loads. Pipe-supporting elements with-
stand all static and dynamic conditions including the following:

• Weight of pipe, valves, fittings, insulation, and fluid contents, in-
cluding test fluid if using a heavier-than-normal media

• Occasional loads such as ice, wind, and seismic forces
• Forces imposed by thermal expansion and contraction of pipe

bends and loops
• Frictional, spring, and pressure thrust forces imposed by expan-

sion joints in the system
• Frictional forces of guides and supports
• Other loads, such as water hammer, vibration, and reactive force

of relief valves
• Test load and force

In addition, pipe-supporting elements must be evaluated in terms
of stress at the point of connection to the pipe and the building struc-
ture. Stress at the point of connection to the pipe is especially impor-
tant for base elbow and trunnion supports, because the limiting and
controlling parameter is usually not the strength of the structural
member, but the localized stress and the point of attachment to the
pipe. Loads on anchors, cast-in-place inserts, and other attachments
to concrete should not be more than one-fifth the ultimate strength
of the attachment, as determined by manufacturers’ tests. All loads
on the structure should be communicated to and coordinated with
the structural engineer.

The ASME B31 standards establish criteria for the design of
pipe-supporting elements and the Manufacturers Standardization
Society of the Valve and Fittings Industry (MSS) has established
standards for the design, fabrication, selection, and installation of
pipe hangers and supports based on these codes.

MSS Standard SP-69 and the catalogs of many manufacturers
illustrate the various hangers and components and provide informa-
tion on the types to use with different pipe systems. Table 6 shows
suggested pipe support spacing, and Table 9 provides a maximum
safe load for threaded steel rods.

The loads on most pipe-supporting elements are moderate and
can be selected safely in accordance with manufacturers’ catalog
data and the information presented in this section; however, some
loads and forces can be very high, especially in multistory
buildings and for large-diameter pipe, especially where expansion
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joints are used at a high operating pressure. Consequently, a
qualified engineer should design, or review the design of, all
anchors and pipe-supporting elements, especially for the following:

• Steam systems operating above 15 psig
• Hydronic systems operating above 160 psig or 250°F
• Risers over 10 stories or 100 ft
• Systems with expansion joints, especially for pipe diameters 3 in.

and greater
• Pipe sizes over 12 in. diameter
• Anchor loads greater than 10,000 lb (10 kips)
• Moments on pipe or structure in excess of 1000 ft·lb

PIPE EXPANSION AND FLEXIBILITY

Temperature changes cause dimensional changes in all materials.
Table 10 shows the coefficients of expansion for piping materials
commonly used in HVAC. For systems operating at high tempera-
tures, such as steam and hot water, the rate of expansion is high, and
significant movements can occur in short runs of piping. Even
though rates of expansion may be low for systems operating in the
range of 40 to 100°F, such as chilled and condenser water, they can
cause large movements in long runs of piping, which are common in
distribution systems and high-rise buildings. Therefore, in addition
to design requirements for pressure, weight, and other loads, piping
systems must accommodate thermal and other movements to pre-
vent the following:

• Failure of pipe and supports from overstress and fatigue
• Leakage of joints

Table 8 Manufacturers’ Recommendationsa,b

for Plastic Materials

PVC CPVC PB HDPE PP ABS PVDF RTRP

Cold water service R R R R R R R R
Hot (140°F) water N R R R R R R R
Potable-water service R R R R R R R R
Drain, waste, and 
vent

R R N — R R — —

Demineralized water R R — — R R R —
Deionized water R R — — R R R R
Salt water R R R R R R — R
Heating (200°F) 
hot water

N N N N N N — R

Natural gas N N N R N N — —
Compressed air N N — R N R — —
Sunlight and weather 
resistance

N N N R — R R R

Underground service R R R R R R — R
Food handling R R — — R R R R

R = Recommended N = Not recommended — = Insufficient information
aBefore selecting a material, check the availability of a suitable range of sizes and fit-
tings and of a satisfactory joining method. Also have the manufacturer verify the best
material for the purpose intended.

bLocal building codes should be consulted for compliance of the materials listed.

Table 9 Capacities of ASTM A36 Steel Threaded Rods

Rod Diameter,
in.

Root Area of
Coarse Thread, in2

Maximum Load,*
lb

1/4 0.027  240
3/8 0.068  610
1/2 0.126 1130
5/8 0.202 1810
3/4 0.302 2710
7/8 0.419 3770
1 0.552 4960

1-1/4 0.889 8000

*Based on an allowable stress of 12,000 psi reduced by 25% using the root area in
accordance with ASME Standard B31.1 and MSS Standard SP-58.
• Detrimental forces and stresses in connected equipment

An unrestrained pipe operates at the lowest overall stress level.
Anchors and restraints are needed to support pipe weight and to pro-
tect equipment connections. The anchor forces and the bowing of
pipe anchored at both ends are generally too large to be acceptable,
so general practice is to never anchor a straight run of steel pipe at
both ends. Piping must be allowed to expand or contract through
thermal changes. Ample flexibility can be attained by designing
pipe bends and loops or by including supplemental devices, such as
expansion joints.

End reactions transmitted to rotating equipment, such as pumps
or turbines, may deform the equipment case and cause bearing mis-
alignment, which may ultimately cause the component to fail. Con-
sequently, manufacturers’ recommendations on allowable forces
and movements that may be placed on their equipment should be
followed.

PIPE BENDS AND LOOPS

Detailed stress analysis requires involved mathematical analysis
and is generally performed by computer programs. However, such
involved analysis is not required for most HVAC systems because
the piping arrangements and temperature ranges at which they oper-
ate are simple to analyze.

Table 10 Thermal Expansion of Metal Pipe

Saturated Steam
Pressure, psig

 Temperature,
°F

Linear Thermal Expansion, in/100 ft

Carbon 
Steel

Type 304
Stainless Steel Copper

–30 –0.19 –0.30 –0.32
–20 –0.12 –0.20 –0.21
–10 –0.06 –0.10 –0.11

0 0 0 0
10 0.08 0.11 0.12
20 0.15 0.22 0.24

V
ac

uu
m

–14.6 32 0.24 0.36 0.37
–14.6 40 0.30 0.45 0.45
–14.5 50 0.38 0.56 0.57
–14.4 60 0.46 0.67 0.68
–14.3 70 0.53 0.78 0.79
–14.2 80 0.61 0.90 0.90
–14.0 90 0.68 1.01 1.02

–13.7 100 0.76 1.12 1.13
–13.0 120 0.91 1.35 1.37
–11.8 140 1.06 1.57 1.59
–10.0 160 1.22 1.79 1.80
–7.2 180 1.37 2.02 2.05

–3.2 200 1.52 2.24 2.30
0 212 1.62 2.38 2.43
2.5 220 1.69 2.48 2.52

10.3 240 1.85 2.71 2.76
20.7 260 2.02 2.94 2.99
34.6 280 2.18 3.17 3.22

52.3 300 2.35 3.40 3.46
75.0 320 2.53 3.64 3.70

103.3 340 2.70 3.88 3.94
138.3 360 2.88 4.11 4.18
181.1 380 3.05 4.35 4.42

232.6 400 3.23 4.59 4.87
666.1 500 4.15 5.80 5.91

1528 600 5.13 7.03 7.18
3079 700 6.16 8.29 8.47

800 7.23 9.59 9.79
900 8.34 10.91 11.16

1000 9.42 12.27 12.54
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L Bends
The guided cantilever beam method of evaluating L bends can be

used to design L bends, Z bends, pipe loops, branch take-off con-
nections, and some more complicated piping configurations.

Equation (5) may be used to calculate the length of leg BC
needed to accommodate thermal expansion or contraction of leg AB
for a guided cantilever beam (Figure 1).

(5)

where
L = length of leg BC required to accommodate thermal expansion of 

long leg AB, ft
∆ = thermal expansion or contraction of leg AB, in.
D = actual pipe outside diameter, in.
E = modulus of elasticity, psi

SA = allowable stress range, psi

For the commonly used A53 Grade B seamless or ERW pipe, an
allowable stress SA of 22,500 psi (see Table 1) can be used without
overstressing the pipe. However, this can result in very high end
reactions and anchor forces, especially with large-diameter pipe.
Designing to a stress range SA of 15,000 psi and assuming E =
27.9 × 106 psi, Equation (5) reduces to Equation (6), which provides
reasonably low end reactions without requiring too much extra pipe.
In addition, Equation (6) may be used with A53 butt-welded pipe
and B88 drawn copper tubing.

Thus, for A53 continuous (butt-) welded, seamless, and ERW
pipe, and B88 drawn copper tubing,

(6)

The guided cantilever method of designing L bends assumes no
restraints; therefore, care must be taken in supporting the pipe. For
horizontal L bends, it is usually necessary to place a support near
point B (see Figure 1), and any supports between points A and C
must provide minimal resistance to piping movement; this is done
by using slide plates or hanger rods of ample length, with hanger
components selected to allow for swing no greater than 4°.

For L bends containing both vertical and horizontal legs, any
supports on the horizontal leg must be spring hangers designed to
support the full weight of pipe at normal operating temperature with
a maximum load variation of 25%.

The force developed in an L bend that must be sustained by
anchors or connected equipment is determined by the following
equation:

(7)

where
F = force, lb

Ec = modulus of elasticity, psi

am

Fig. 1 Guided Cantilever Beam

L  3 DE∆

144 in
2

ft
2⁄( )SA

---------------------------------------=

L 6.225  ∆D=

F
12Ec I∆

1728 in
3

ft
3⁄( )L3

------------------------------------------=
I = moment of inertia, in4

L = length of offset leg, ft
∆ = deflection of offset leg, in.

In lieu of using Equation (7), for L bends designed in accordance
with Equation (6) for 1 in. or more of offset, a conservative estima-
tion of force is 500 lb per diameter inch (e.g., a 3 in. pipe would
develop 1500 lb of force).

Z Bends
Z bends, as shown in Figure 2, are very effective for accommo-

dating pipe movements. A simple and conservative method of sizing
Z bends is to design the offset leg to be 65% of the values used for
an L bend in Equation (5), which results in

(8)

where
L = length of offset leg, ft
∆ = anchor-to-anchor expansion, in.
D = pipe outside diameter, in.

The force developed in a Z bend can be calculated with accept-
able accuracy as follows:

F = C1∆(D/L)2 (9)

where
C1 = 4000 lb/in.
F = force, lb
D = pipe outside diameter, in.
L = length of offset leg, ft
∆ = anchor-to-anchor expansion, in.

U Bends and Pipe Loops
Pipe loops or U bends are commonly used in long runs of piping.

A simple method of designing pipe loops is to calculate the anchor-
to-anchor expansion and, using Equation (5), determine the length L
necessary to accommodate this movement. The pipe loop dimen-
sions can then be determined using W = L/5 and H = 2W.

Note that guides must be spaced no closer than twice the height of
the loop, and piping between guides must be supported, as described in
the section on L Bends, when the length of pipe between guides
exceeds the maximum allowable hanger spacing for the size pipe.

Table 11 lists pipe loop dimensions for pipe sizes 1 in. through
24 in. and anchor-to-anchor expansion (contraction) of 2 in. through
12 in.

No simple method has been developed to calculate pipe loop
force; however, it is generally low. A conservative estimate is 200 lb
per diameter inch (e.g., a 2 in. pipe will develop 400 lb of force and
a 12 in. pipe will develop 2400 lb of force).

Fig. 2 Z Z Bend in Pipe

Fig. 2 Z Bend in Pipe

L 4  D∆=
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Table 11 Pipe Loop Design for A53 Grade B Carbon Steel Pipe Through 400°F

Pipe 
Size, in.

Anchor-to-Anchor Expansion, in.

2 4 6 8 10 12

W H W H W H W H W H W H

 1 2  4  3  6  3.5  7  4  8  4.5  9  5 10
2 3 6  4 8  5 10  5.5 11  6 12  7 14
3 3.5 7  5 10  6 12  6.5 13  7.5 15  8 16
4 4 8  5.5 11  6.5 13  7.5 15  8.5 17  9 18
6 5 10  6.5 13  8 16  9 18 10 20 11 22
8 5.5 11  7.5 15  9 18 10.5 21 12 24 13 26

10 6 12  8.5 17 10 20 11.5 23 13 26 14 28
12 6.5 13  9 18 11 22 12.5 25 14 28 15.5 31
14 7 14  9.5 19 11.5 23 13 26 15 30 16 32
16 7.5 15 10 20 12.5 25 14 28 16 32 17.5 35
18 8 16 11 22 13 26 15 30 17 34 18.5 37
20 8.5 17 11.5 23 14 28 16 32 18 36 19.5 39
24 9 18 12.5 25 14.5 29 17.5 35 19.5 39 21 42

Notes: W and H dimensions are feet.
L is determined from Equation (4). W = L/5 H = 2W 2H + W = L

Approximate force to deflect loop = 200 lb/diam. in.
For example, 8 in. pipe creates 1600 lb of force.
  
Cold Springing of Pipe
Cold springing or cold positioning of pipe consists of offsetting or

springing the pipe in a direction opposite the expected movement.
Cold springing is not recommended for most HVAC piping. Further-
more, cold springing does not allow designing a pipe bend or loop for
twice the calculated movement. For example, if a particular L bend can
accommodate 3 in. of movement from a neutral position, cold spring-
ing does not allow the L bend to accommodate 6 in. of movement.

Analyzing Existing Piping Configurations
Piping is best analyzed using a computer stress analysis program

because these provide all pertinent data including stress, move-
ments, and loads. Services can perform such analysis if programs
are not available in-house. However, many situations do not require
such detailed analysis. A simple, yet satisfactory method for single
and multiplane systems is to divide the system with real or hypo-
thetical anchors into a number of single-plane units, as shown in
Figure 3, which can be evaluated as L and Z bends.

EXPANSION JOINTS AND EXPANSION 
COMPENSATING DEVICES

Although the inherent flexibility of the piping should be used to
the maximum extent possible, expansion joints must be used where

Fig. 3 Multiplane Pipe System

Fig. 3 Multiplane Pipe System
movements are too large to accommodate with pipe bends or loops
or where insufficient room exists to construct a loop of adequate
size. Typical situations are tunnel piping and risers in high-rise
buildings, especially for steam and hot water pipes where large ther-
mal movements are involved.

Packed and packless expansion joints and expansion compensat-
ing devices are used to accommodate movement, either axially or
laterally.

In the axial method of accommodating movement, the expan-
sion joint is installed between anchors in a straight line segment and
accommodates axial motion only. This method has high anchor
loads, primarily because of pressure thrust. It requires careful guid-
ing, but expansion joints can be spaced conveniently to limit move-
ment of branch connections. The axial method finds widest
application for long runs without natural offsets, such as tunnel and
underground piping and risers in tall buildings.

The lateral or offset method requires the device to be installed
in a leg perpendicular to the expected movement and accommodates
lateral movement only. This method generally has low anchor forces
and minimal guide requirements. It finds widest application in lines
with natural offsets, especially where there are few or no branch
connections.

Packed expansion joints depend on slipping or sliding surfaces
to accommodate the movement and require some type of seals or
packing to seal the surfaces. Most such devices require some main-
tenance but are not subject to catastrophic failure. Further, with
most packed expansion joint devices, any leaks that develop can be
repacked under full line pressure without shutting down the system.

Packless expansion joints depend upon the flexing or distortion
of the sealing element to accommodate movement. They generally do
not require any maintenance, but maintenance or repair is not usually
possible. If a leak occurs, the system must be shut off and drained,
and the entire device must be replaced. Further, catastrophic failure
of the sealing element can occur and, although likelihood of such fail-
ure is remote, it must be considered in certain design situations.
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Packed expansion joints are preferred where long-term system
reliability is of prime importance (using types that can be repacked
under full line pressure) and where major leaks can be life threaten-
ing or extremely costly. Typical applications are risers, tunnels,
underground pipe, and distribution piping systems. Packless expan-
sion joints are generally used where even small leaks cannot be
tolaerated (e.g., for gas and toxic chemicals), where temperature
limitations preclude the use of packed expansion joints, and for very
large-diameter pipe where packed expansion joints cannot be con-
structed or the cost would be excessive.

In all cases, expansion joints should be installed, anchored,
and guided in accordance with expansion joint manufacturers’
recommendations.

Packed Expansion Joints
There are two types of packed expansion joints: packed slip

expansion joints and flexible ball joints.
Packed Slip Expansion Joints. These are telescoping devices

designed to accommodate axial movement only. Some sort of pack-
ing seals the sliding surfaces. The original packed slip expansion
joint used multiple layers of braided compression packing, similar to
the stuffing box commonly used with valves and pumps; this
arrangement requires shutting and draining the system for mainte-
nance and repair. Advances in design and packing technology have
eliminated these problems, and most current packed slip joints use
self-lubricating semiplastic packing, which can be injected under
full line pressure without shutting off the system (see Figure 4).
(Many manufacturers use asbestos-based packings, unless requested
otherwise. Asbestos-free packings, such as flake graphite, are avail-
able and, although more expensive, should be specified in lieu of
products containing asbestos.)

Standard packed slip expansion joints are constructed of car-
bon steel with weld or flange ends in sizes 1.5 to 36 in. for pres-
sures up to 300 psig and temperatures up to 800°F. Larger sizes,
higher-temperature, and higher-pressure designs are available.
Standard single joints are generally designed for 4, 8, or 12 in.
axial traverse; double joints with an intermediate anchor base can
accommodate twice these movements. Special designs for greater
movements are available.

Flexible Ball Joints. These joints are used in pairs to accommo-
date lateral or offset movement and must be installed in a leg per-
pendicular to the expected movement. The original flexible ball
joint design incorporated only inner and outer containment seals
that could not be serviced or replaced without removing the ball
joint from the system. The packing technology of the packed slip
expansion joint, explained previously, has been incorporated into
the flexible ball joint design; now, packed flexible ball joints have
self-lubricating semiplastic packing that can be injected under full
line pressure without shutting off the system (see Figure 5).

Standard flexible ball joints are available in sizes 1 1/4 through
30 in. with threaded (1 1/4 to 2 in.), weld, and flange ends for pres-
sures to 300 psig and temperatures to 750°F. Flexible ball joints are
available in larger sizes and for higher temperature and pressure
ranges.

Packless Expansion Joints
Metal bellows expansion joints, rubber expansion joints, and

flexible hose or pipe connectors are some of the packless expansion
joints available.

Metal Bellows Expansion Joints. These expansion joints have
a thin-wall convoluted section that accommodates movement by
bending or flexing. The bellows material is generally Type 304,
316, or 321 stainless steel, but other materials are commonly used
to satisfy service conditions. Small-diameter expansion joints in
sizes 3/4 through 3 in. are generally called expansion compensators
and are available in all-bronze or steel construction. Metal bellows
expansion joints can generally be designed for the pressures and
temperatures commonly encountered in HVAC systems and can
also be furnished in rectangular configurations for ducts and chim-
ney connectors.

Overpressurization, improper guiding, and other forces can distort
the bellows element. For low-pressure applications, such distortion
can be controlled by the geometry of the convolution or the thickness
of the bellows material. For higher pressure, internally pressurized
joints require reinforcing. Externally pressurized designs are not sub-
ject to such distortion and are not generally furnished without sup-
plemental bellows reinforcing.

Single- and double-bellows expansion joints primarily accom-
modate axial movement only, similar to packed slip expansion
joints. Although bellows expansion joints can accommodate some
lateral movement, the universal tied bellows expansion joint
accommodates large lateral movement. This device operates much
like a pair of flexible ball joints, except that bellows elements are
used instead of flexible ball elements. The tie rods on this joint con-
tain the pressure thrust, so anchor loads are much lower than with
axial-type expansion joints.

Rubber Expansion Joints. Similar to single-metal bellows expan-
sion joints, rubber expansion joints incorporate a nonmetallic elasto-
meric bellows sealing element and generally have more stringent
temperature and pressure limitations. Although rubber expansion
joints can be used to accommodate expansion and contraction of the
piping, they are primarily used as flexible connectors at equipment to
isolate sound and vibration and eliminate stress at equipment nozzles.

Fig. 4 Packed Slip Expansion Joint

Fig. 4 Packed Slip Expansion Joint

Fig. 5 Flexible Ball Joint

Fig. 5 Flexible Ball Joint
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Flexible Hose. This type of hose can be constructed of elasto-
meric material or corrugated metal with an outer braid for reinforc-
ing and end restraint. Flexible hose is primarily used as a flexible
connector at equipment to isolate sound and vibration and eliminate
stress at equipment nozzles; however, flexible metal hose is well
suited for use as an offset-type expansion joint, especially for copper
tubing and branch connections off risers.
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