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INTRODUCTION

In the engineering of thermoplastic piping systems, it is
necessary to have not only a working knowledge of piping
design but also an awareness of a number of the unique
properties of thermoplastics.

In addition to chemical resistance, important factors to be
considered in designing piping systems employing
thermoplastics are:

1. Pressure ratings.

2. Water hammer.

3. Temperature-Pressure relationships.
4. Friction-loss characteristics.

5. Dimensional and Weight data.

These factors are considered in detail in this section.

PRESSURE RATINGS OF THERMOPLASTICS

DETERMINING PRESSURE-STRESS-PIPE
RELATIONSHIPS

ISO EQUATION

Circumferential stress is the largest stress present in any
pressurized piping system. It is this factor that determines
the pressure that a section of pipe can withstand. The
relation-ship of stress, pressure and pipe dimensions is
described by the ISO (for International Standardization
Organization) Equation. In various forms this equation is:
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Where:

P = Internal Pressure, psi

S = Circumferential Stress, psi
t = Wall thickness, in.

D, = Outside Pipe diameter, in.
R =D/t

LONG-TERM STRENGTH

To determine the long-term strength of thermoplastic pipe,
lengths of pipe are capped at both ends (see Figure 1) and
subjected to various internal pressures, to produce
circumferential stresses that will produce failure in from 10 to
10,000 hours. The test is run according to ASTMD 1598 —
Standard Test for Time-to-Failure of Plastic Pipe Under Long-
Term Hydrostatic Pressure.

The resulting failure points are used in a statistical analysis
(outlined in ASTM D-2837; see page 6 to determine the
characteristic regression curve that represents the stress/ time-
to-failure relationship for the particular thermoplastic pipe
compound under test. This curve is represented by the
equation: Log=a+blog$S

.
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Where:

a and b are constants describing the slope and
intercept of the curve, and T and S are time-to-failure
and stress, respectively.

The regression curve may be plotted on a log-log paper,
as shown in Figure 2, and extrapolated from 10,000 to
100,000 hours (11.4 years). The stress at 100,000 hours
is known as the Long Term Hydrostatic Strength (LTHS)
for that particular thermoplastic compound. From this
(LTHS) the Hydrostatic Design Stress (HDS) is
determined by applying the service factor multiplier, as
described below.

FIGURE 1
LONG-TERM STRENGTH TEST PER ASTM D1 598
Length=7 x min.
—————  dia. 12" min.
for any size

—_——

t
wall="t"
End closure—cemented

on cap or mechanical joint

Pipe test specimen per ASTM D 1598 for “Time-to-Failure
of Plastic Pipe Under Long-Term Hydrostatic Pressure”

FIGURE 2
REGRESSION CURVE—STRESS/TIME-TO-FAILURE
FOR PVC TYPEI
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SERVICE FACTOR

The Plastics Pipe Institute (PPI) has determined that a
service (design) factor of one-half the Hydrostatic Design
Basis would provide an adequate safety margin for use
with water to ensure useful plastic-pipe service for a long
period of time. While not stated in the standards, it is
generally understood within the industry that this “long
period of time” is minimum of 50 years.
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Accordingly, the standards for plastic pipe, using the 0.5
service factor, required that the pressure rating of the pipe
be based upon this Hydrostatic Design Stress, again
calculated with the ISO equation.

While early experience indicated that this service factor, or
multiplier, of 0.5 provided adequate safety for many if not
most uses, some experts felt that a more conservative
service factor of 0.4 would better compensate for water
hammer pressure surges, as well as for slight
manufacturing variations and damage suffered during
installation.

The PPI has issued a policy statement officially recommend-
ing this 0.4 service factor. This is equivalent to
recommending that the pressure rating of the pipe should
equal 1.25 times the system design pressure for any
particular installation. Based upon this policy, many
thousands of miles of thermoplastic pipe have been installed
in the United States without failure.

It is best to consider the actual surge conditions, as outlined
later in this section. In addition, substantial reductions in
working pressure are advisable when handling aggressive
chemical solutions and in high-temperature service.

Numerical relationships for service factors and design
stresses of PVC are shown in Table |-A below.

TABLE 1

EASED UPON A SERVICE FACTOR OF 5

SYSTEMS ENGINEERING DATA
FOR THERMOPLASTIC PIPING

MAXIMUM OPERATING PRESSURES (PSI) AT T3°F AMBIENT

SERVICE FACTORS AND HYDROSTATIC DESIGN
STRESS (HDS)*

SERVICE FACTOR HDS
0.5 2000 psi (13,8 MPa)
0.4 TEOD pei (11 MPa)

*Material: PVC Type 1 & CPVC

TEMPERATURE-PRESSURE AND
MODULUS RELATIONSHIPS

Temperature Derating.

Pressure ratings for thermoplastic pipe are generally
deter-mined in a water medium at room temperature (73°F).
As the system temperature increases, the thermoplastic
pipe becomes more ductile, increases in impact strength
and decreases in tensile strength. The pressure ratings of
thermoplastic pipe must therefore be decreased accordingly.

The effects of temperature have been exhaustively studied
and correction (derating) factors developed for each
thermoplastic piping compound. To determine the maximum
operating pressure at any given temperature, multiply the
pressure rating at ambient shown in Table 1by the
temperature correction factor for that material shown in
Table 2. Attention must also be given to the pressure rating
of the joining technique i.e. Threaded system normally
reduces pressure capabilities, substantially.

BC & CPVE |p|jL=|-'Pﬂ[:||5"|'|_E||E-[FF-] POLYVINYLIDENE FLUSRIDE (PVDF)
PVE & CEVE BCHEDULE B0 “;JI:HIHE SUPER PROLINE SCHEDULE 80
ROMINAL | SCHEDULE 40 [SOLVENT 1L SOCKET | o oesnen
SIFE SAVENT WELD | WELD |THREADED PPRO-BEAL| 49 32 11 33 FUSION

14 T 1150 MU Mk B LT (R Mih, Pk
ET) o] i M [T BUA (Y M, MR
12 200 A&0 430 150 160 45 et A s =10
M4 AR B0 i 150 160 45 73 [T THO 35
| 450 830 XA 150 16 45 X ey T35 215
1144 370 520 260 i 160 45 i} A 60 180
112 10 AT 0 =) 180 45 i} [NITY 540 Tl
F] 2e0 400 00 150 160 45 o | A HIIH 136
2.452 T 455 i A 160 45 [y 160 TS (TE]
¥ JE0 75 fEr M 160 45 A 1660 430 HWR
i I 124 = A 160 45 Bl 160 a0 MR
[ 180 Fil] MR A 160 4 BLA 160 Mk MR
B b 250 Mk HUA 1080 45 B, 160 M MR
10 140 230 LN T M 160 45 B 1080 LA MR
12 130 230 MR MUA 160 45 BLA 160 M, MR

For Fvasdad cink progerly hackwilichd

weaker leda will regiine deraling e enlies syilam

.
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* Threaded Palypropylsne is not recommendsd for pressure applcstions and Fuseal dranage systems are nol pressurs rated.
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Table 2
TEMPERATURE CORRECTION FACTORS
FACTORS
POLYPROPYLENE POLYVINYLIDEME FLUDRIDE
OPERATING
TEMPERATURES PPRO-SEAL SUPER

' PVC CPVC MATURAL PROLINE PROLINE SCHEDULE B0
7a 1.00 1.00 1.00 1.00 1.00 1.00
] ag =T ) a5 a1
] 75 ) a3 ar ar
10 Az TR 74 ) 1) az
110 50 Ti ) TE
120 40 i 58 Bl T
130 30 57 51 a5
144 27 50 A0 Ad 5R al
150 RIR 41 &T] 57
1640 (3] ar a5 40 54
1B MR 25 23 P 42 47
200 (3] 18 14 0 36 41
210 R 16 i MR T
220 KR KR ()] MR a5
240 HR HR ] MR 25

250 KR KR ()] MR 2B
280 HR HR [T MR 1B 22

FLANGED SYSTEMS

Table 3 - MAXIMUM OPERATING PRESSURE
(P51} FOR FLANGED SYSTEMS

OPERATING
TEMPERATURE
oF pyct | CPwC* PP~ | PvDF
100 150 150 150 150
FLANGED SYSTEMS - e e T
E u | i
Maximum pressure for any flanged system = = = =
s 150 psi. Al elevated lemperatres the i 14 - _
pressure capability of a flanged system 130 & 125 ne 1=
must be derated as shown in Table 12, 140 50 110 105 150
150 MR 100 Al 140
Dasign Pressura - Prassure rating af 73°F 160 MR [T an 133
x lemperature correction factor. 70 WR Bl T 125
180 MR 0 50 15
190 MR Bl WR 106
i R &0 HR o7
#10 R 40 MR Bl
P4} MR MR MR
) MR MR WR 25
MR = Mol Recamemerndead

* PWC and CPYWE Nanges sives 22152 through 3-fand d-inch hread

ed mus! B backwelded] for (ke abowve pressure capabilily 10 be

applicable,

** Threaded PP Banges size 102 through 4 inch as wel as [he 67

beack werkded sookoal Range are nol recommended lor pressure spidi

calions {drainage only)
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4 PRESSURE RATINGS

o n n
AT 73°F 10" THROUGH 24
The following tables indicate the working pressure recommended by the manufacturer for large diamstar PYC fabricated
fittimge. These fittings are not generally recommendsd for high pressure applicafions. Pressure capabilities are not nec-
easanly the same as the rating of the pipe from which they are fabricated. Be sure pressure to temgeraturs comection fac-
tors are considered when system design calls for temperstures above FI°F.
Water hammer and surge pressure are the two most critical elements in large-diamstar design. Keeping welocities below
%5 faed par sacond and working pressuras to thess guidelines will give years of troubla-frae sendice.
Table 4 Table 7
90* ELBOW 45° ELBOW
MOMIMAL SCHEDULE &0 SCHEDULE &0 HOMINAL SCHEDULE 40 SCHEDULE &0
SIZE WT P35l WT. P3l SIZE WT P35l WT. Pl
(1K} {LBS.) RTG (LES.) RTG M) {LBS) | RTG {LBS.) RTG
10 22 14 34 230 10 15 140 24 30
12 an 150 50 230 12 #1 130 36 &30
14 40 130 o 220 14 a0 130 52 720
16 56 130 100 220 16 42 130 [ 20
18 a0 Tl a3 123 18 47 100 [ 160
20 121 50 175 T3 20 62 50 a5 75
24 202 50 204 TS 24 103 ] 150 75
Table 5 Table 8
COUPLING REDUCING TEE
MOMINAL SCHEDULE 40 SCHEDULE 80 NOMINAL SCHEDULE 40 SCHEDULE 80
SIZE WT. Ps1 WT. PS1 SIZE WT. PEI WT. P
(1M} LB RTG LBS.) RTE {INL} {LES.) RTG {LES.} RTG
10 =] 140 15 30 10z & 23 141 3z 30
12 13 130 23 30 10 % 6 71 14 30 30
14 19 130 33 20 104 13 14 30
16 s 130 54 720 12510 52 130 59 20
18 3 100 53 160 122 & ko) 130 49 20
0 45 50 T4 T3 12 2 & 28 130 47 20
24 T ab 1Mo T3 12 x4 74 130 45 20
14 x 12 48 ik L} 160
Table 6 14 % 10 34 ol 5] 160
TEE
142 & i 10Ol 59 160
SCHEDULE 40 SCHEDIULE &0
HOMINAL 16214 = 100 e 180
SIFE WT. P31 WT. P31
(1N} wes) | mrTe | wBs) RTG 16712 &1 00 105 160
14 1 130 oS =0 18 % 16 B2 00 132 160
16 8 130 170 0 18 % 14 73 100 116 160
18 115 1000 156 160 20 %18 104 75 160 100
74 231 50 336 75 24 % 20 162 a0 251 (]
© 2002 Corr Tech, Inc
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PVC LARGE DIAMETER FABRICATED FITTINGS
AT 73°F 10" THROUGH 24"
Table 9 Table 11
COMCENTRIC REDUCER EXTENMDED BUSHING
L SCHEDULE &0 NOMINAL SCHEDULE a0
SIFE WT. Pal =ZE WT. PEI
{IM.) [LES) RTG {IM.) {LBS.) RTG
10 %@ 2] 44 10 % @ 11 140
0% 6 22 140 12 % 10 19 130
10 x 4 23 144 4x12 P 130
12 %10 15 130 16 % 14 34 130
12x0 X T30
12 %6 T 130
14 %1 2 23 130
14 %10 a6 130
16 %14 3z T30
YL 54 130
T an T Table 12
TR = = MALE ADAPTOR
24 x 20 a7 100 KOMIMAL SCHEDULE 40
SIZE WT. PEI
M} {LBS.) RTG
3 [ 25
B 7 25
10 a 25
12 14 25
Table 10
BUSHING {SPIG x S0C)
NOMINAL SCHEDULE &0
SIZE WT. FaI
{IH.] (LBS.) RTG
0x@ 11 140 Table 13
nxe '8 140 FEMALE ADAPTOR
:;::ﬂ f: ::E — SCHEDULE 40
BIZE WT. PRI
12x8 26 130 MM} {LBS.) RTG
12x6 31 110 & 8 25
14x 12 24 100 g 7 25
16 x 14 22 100 10 a 25
16112 46 100 12 14 25
18 x 10 81 100
16x8 72 100
10 x 16 0 100
20 x 16 33 100
24 x 20 55 100
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PRESSURE RATINGS
PVC LARGE DIAMETER FABRICATED FITTINGS

AT 73°F
Table 14 Table 15
CROSS FLANGE (BLIND)

NOMIMAL SCHEDULE 40 SCHEDULE 80 NOMINAL SCHEDULE 40 SCHEDULE 80
SIZE WT. =) WT. Pal SIZE WT. P WT. Pl
(1N, (LBS} | RTG [LBS.) RTG {IN.) iLBS) | RTG (LBS.) RTG

3 2 240 5 280 10 18 26 a2 76
4 3 720 7 240 12 21 26 4z 76
3 13 160 z2 240 14 26 25 52 75
B 22 160 B0 240 16 33 25 86 75
10 30 140 i ZaD 10 6 25 72 75
12 50 130 85 Z3D 20 44 25 ag 75
14 74 130 128 z20 24 &7 25 114 75
18 107 130 190 720
18 17 100 185 160 Table 16
20 158 50 247 75 CAP
24 76T &0 413 75 NOMINAL SCHEDULE 40 SCHEDULE 80
SIZE WT. Pl WT. PSI
{IM.) nes) | rie | nBs) | RTe
10 = 140 14 Z30
12 7 130 7 Z30
14 3 134 a5 220
16 12 130 19 220
18 38 100 54 160
20 49 B0 £ 75
Table 17 24 74 B0 108 75
IPS PIPE DIMENSION TABLE
oL SCHEDULE 20 SCHEDULE 80
PIPE SIZE
AN} 0.0. AVERAGE 1.D. MINIMUM WALL AVERAGE LD. RAIMIMILIM WALL
1 1315 1.033 133 EG5 78
P 1660 1,564 140 1256 LT
PRTE 1.800 1502 145 1476 200
2 2375 2048 154 1813 218
3 3500 3.042 216 2 BAd )
P 4,500 1,008 237 3.786 X7
5 B 563 5047 258 4813 76
P £ 625 6013 260 5.708 T
8 B 625 7843 3z 7585 500
i 10.750 SETE 365 9493 580
12 12750 11.880 406 11,294 6A7
" 14,000 13,128 437 12.440 )
16 16,000 1E.000 500 14.200 Bl
CLASS 100 CLASS 160
18 18000 17.120 440 16.614 08
20 20000 18022 460 18,480 T70
24 24,000 22870 565 22.152 24

\_
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Table 18

SYSTEMS ENGINEERING DATA
FOR THERMOPLASTIC PIPING

MODULUS OF ELASTICITY (=10} P2l V8. TEMPERATURE
TEMPERATURE, “F

MATERLAL T3 an 110 140 170 200 3 Li] 250 280
PVC 420 3ES a0 3.00
CPYC 425 4.10 5.70 .27 283 2410 2326
PP Fuseal 200 1.30 uj=rg 074 .61 .56 0.53
PP Pressurs 1.50 1.34 1.18 .96 0.77 .59 0.55
PVDF 215 1.66 1.37 1.04 0.8 .61 0.85 037 0.2

EXTERNAL PRESSURES - COLLAPSE RATING
Thermoplastic pipe is frequently specified for situations
where uniform external pressures are applied to the pipe,
such as in underwater applications. In these applications,
the collapse rating of the pipe determines the maximum
permissible pressure differential between external and
internal pressures. The basic formulas for collapsing
external pressure applied uniformly to a long pipe are:

1. For thick wall pipe where collapse is caused by compres-
sion and failure of the pipe material:

Pc= o (Do’-Di’)
2Do*

2. For thin wall pipe where collapse is caused by elastic
instability of the pipe wall:

Pc = 2¢cE by
1-v? \Dm
Where:

Pc = Collapse Pressure (external minus internal
pressure), psi

o = Compressive Strength, psi

E = Modulus of elasticity, psi

v = Poisson’s Ratio

Do = Outside Pipe Diameter, in.

Dm = Mean Pipe Diameter, in.

Di = Inside Pipe Diameter, in.

t = Wall Thickness, in.

¢ = Out-of-Roundness Factor, Approximately 0.66

Choice of Formula - By using formula 2 on thick-wall pipe,
an excessively large pressure will be obtained. It is therefore
necessary to calculate, for a given pipe size, the collapse
pressure using both formulas and use the lower value

as a guide to safe working pressure. For short-term loading
conditions, the values of E, o and v from the relative
properties charts shown on pages 40-41 will yield
reasonable results. See individual materials charts for short-
term collapse pressures at 73°F. For long-term loading
conditions, appropriate long-term data should be used.

SHORT-TERM COLLAPSE PRESSURE

Thermoplastic pipe is often used for suction lines or in
applications where external pressures are applied to the
pipe, such as in heat exchangers, or underwater loading
conditions. The differential pressure rating of the pipe
between the internal and external pressures is determined
by derating collapse pressures of the pipe. The differential
pressure rating of the pipe is determined by derating the
short-term collapse pressures shown in Table 19.

© 2002 Corr Tech, Inc
CORR

Collapse pressures must be adjusted for temperatures other
than for room temperature. The pressure temperature
correction chart (Table 19) used to adjust pipe pressure
ratings may be used for this purpose. (See note below table).

Table 19

SHORT-TERM COLLAPSE PRESSURE IN PSI AT 73°F

[ 12 [3a] 1 pawfid 2 [3 Ja Je [ 8 [10[12 |
SCHEDULE 40 PVC

[2005]1108]00 [ 494 [356] 211 [180]100 [ 54 [ 39 [ 27 [22 |
SCHEDULE 80 PVC

2772 | 2009225 130d] 07| ez | s ass| 5 | 1ar |4 07 |
SCHEDULE 80 CPVC - IPS

| 2772| 2409 205d 130 07| 632 | 521 3as] 215 147 18 [ 07 |
SCHEDULE 80 PRESSURE POLYPROPYLENE - IPS

[1011 | e [moa |12 | 412 | 270 | 220 147 | o4 |65 [ 55 | 51 |
SCHEDULE 80 PVDF - IPS

[ 2526|1576 1204 ean]4e4 | 20e[255 [ 164|105 [ 72 | &1 | 57 |
PROLINE PRO 150

[40 [40 [40[40 a0 [40 [40 [40 [40 [0 [40 |40 |
PROLINE PRO 45

[ 16 [ 16]16] 16]16[16[16]16] 16 [16 [16 ] 15 |
SUPER PROLIN
[ 202 (09 o2 |44 |41 ] 22 |58 |58 |58 | 58]58|5s ]
MOTE: Thesa are short-term ratings; lang-ferm ratings should ba
reduced by 1/3 to 1/2 of tha short-term ratings.

m

Vacuum Service - All sizes of Schedule 80 thermoplastic
pipe are suitable for vacuum service up to 140°F and 30
inches of mercury. Solvent-cemented joints are recom-
mended for vacuum applications when using PVC.
Schedule 40 PVC will handle full vacuum up to 24"
diameter.

Laboratory tests have been conducted on Schedule 80 PVC
pipe to determine performance under vacuum at
temperatures above recommended operating conditions.
Pipe sizes under 6 inches show no deformation at
temperatures to 170°F and 27 inches of mercury vacuum.

The 6 inch pipe showed slight deformation at 165°F, and 20
inches of mercury. Above this temperature, failure occurred
due to thread deformation.

J
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WATER HAMMER
Surge pressures due to water hammer are a major factor contributing
to pipe failure in liquid transmission systems. A column of moving fluid

Since liquids are essentially incompressible, this energy cannot be
absorbed by the fluid when a valve is suddenly closed. The resultis a
high momentary pressure surge, usually called water hammer. The five
factors that determine the severity of water hammer are:

1. Velocity (The primary factor in excessive water hammer: see
discussion of “Velocity “ and “Safety Factor” on page 62).

2. Modulus of elasticity of material of which the pipe is made.

3. Inside diameter of pipe.

4. Wall thickness of pipe.

5. Valve closing time.

Table 20 - SURGE PRESSURE, Ps IN PS5l AT 73°F

SYSTEMS ENGINEERING DATA
FOR THERMOPLASTIC PIPING

within a pipeline, owing to its mass and velocity, contains stored energy.

Maximum pressure surges caused by water hammer can be
calculated by using the equation below. This surge pressure should be
added to the existing line pressure to arrive at a maximum operat-

ing pressure figure. El 3980 12
Ps = v(—)
Where: Et+3x10
Ps = Surge Pressure. in psi
V = Liquid Velocity, in ft. per sec.
Di = Inside Diameter of Pipe, in.

E = Modulus of Elasticity of Pipe Material, psi

t = Wiall Thickness of Pipe, in.
Calculated surge pressure, which assumes instantaneous valve
closure, can be calculated for any material using the values for E
(Modulus of Elasticity) found in the properties chart, pages 13-14.
Here are the most commonly used surge pressure tables for IPS pipe
sizes.

~

WATER NOMINAL PIPE SIZE
VELOCITY
(FTISEC) w2 [ a4 | 1 [tua [z | 2 | 3 [ 4 [ 6 [ 8 | w0 | 12
SCHEDULE 44 PVYC & CPVC
1 R 253 244 ¥2a 1.1 195 18.5% ird 186 14.6 155 134
2 hh.1 0.8 488 44 4 42.2 28 SR 4R A 202 I ]
3 3.7 FH.G [ 5 6 3.3 [ .Y s B FEN] a1.7 402
4 1.8 101.2 or i [ 4.4 e .8 [ [+E] [E] 668 3
5 1¥LE 1246 120 i 104 B ) S94.5 r.0 Ire NS [N Erid
3 [T 151.8 146 .4 [ 1268 1154 173.4 104.4 L] [ 3.4 [F]
SCHEDULE B0 PVC & CPVC
1 e Fag 2B.F 6.2 -] 23.2 224 il 9.4 103 173 176
x [T [ B 4 ] B A4 4410 418 A LG I 62
T I (X [ THE VB (S 6.2 EET BE [ B4 B2 A
£ TILE LEEL UEE] 048 107 01 408 L8 ELE 1 h 732 nz ]
& 1646 1405 1435 Ti. 130 118.0 1121 1045 G701 FIN B BE 1)
[ 1804 1794 EEF] 1454 160 133.2 1544 1X4 1154 10 ] 1066
SCHEDULE 80 FOYLPROFYLENE
i 38 209 20.0 18.1 iri ] 162 14.1 i34 122 114 1.8
2 470 L] 40,00 a5 2 4.2 16 a4 I f 24.4 108 )
) 0.6 Br [ Bl 81.3 4i 4 A6 6 432 K] it 67 3.4
4 a4.10 Bl 5 [T rea [X] ¥ B 5.4 X 488 4P 6 4r.d
& 116 1045 1HL D b [T a0 TE0 FiLE [E] 610 [ G0
[ 141.0 175 4 1200 106 1006 Gid B 12 H4.E5 K] 132 K] B
SCHEDULE B0 PYDF
| 262 prdi} K] 19.8 1E 1.1 186 163 14.2 13.9 12.9 1248
a Eil.d4 452 4352 =] A5 &4 L kN SLE 2859 il 208 Pt ]
] FE.E Erd 4.8 [ K] HB.E 51.9 Al 460 A1E G ] 8.4
4 100 & 0.4 5.4 -] Fa.n .4 [N 6.2 Gt & 532 S1.6 B1.2
B 128.0 1180 1048.0 ar.b g6 .5 4.6 FR.E FA R 5.5 4.6 540
i) 1612 138 6 1F4 11Fd 1.0 0.8 AHa 418 a5.F LA Ird fLA]
SUPER PROLINE
1 228 198 195 ir4 17 1B 148.4 126 ira 12.4 12.4 12.4
2 A4 2.7 1 a4 KL [T 248 28,2 249 248 24.9 24.8
5 [ [ [Ths B2 B4 464 Er2 3.y ] 352 5.0 EEE]
] [N 0.4 B3 o [ B1A 457 613 [EE] AGE s 457
[ 111.% o 2 ] BE S BE G 1 [FH] 3.9 [2] 2.0 §3.2 2.1
@ 1306 8.0 1074 1042 1027 o 4.5 TE.E 148 Td.4 146 4.5
PROLINE FRO 150
1 16.3 14.1 129 124 1.8 1248 127 1xr 4] A 127 127
2 0.7 28.2 k] it 266 -t ] 265 264 265 265 26.6 26.6
p] A1 2.3 8.8 ard af.d 8.4 g2 R[] B3 B2 38.2 38.2
4 1.4 b4 E1.4 [ §1.2 [AF] B0 Birg B0 [ 5111 501G
] i.r .5 G5 552 fid.0 G40 837 B i 8. F [ [
G EFR A48 T a8 TRB 168 TES FEH TES TG4 1.5 i
PROLINE FRO 45
1 - - - - - [ 10 I 1 T (X 71
= - B - - - 142 14.1 143 142 141 141 14.1
5 - - - - - FIE] FIN] 3.4 FiF 21.1 21.2 211
4 - - - - - 4 FIEA] Mg M 282 208.2 anr
g - - - - - 345 82 87 154 in.2 364 B3
i - - - - - 425 FFE] 428 4.5 42.2 42.4 4.3

.
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SYSTEMS ENGINEERING DATA

FOR THERMOPLASTIC PIPING

WATER HAMMER (continued)

However, to keep water hammer pressures within
reasonable limits, it is common practice to design valves
for closure times considerably greater than 2L/C.

Tex2l
Cc

Where: Tc = Valve Closure time, sec.

L = Length of Pipe run, ft.

C = Sonic Velocity of the Pressure Wave =

4720 ft. sec.
Another formula which closely predicts water hammer
effects is: p=a w
T44g

Which is based on the elastic wave theory. In this text, we
have further simplified the equation to:
p=Cv

Where: p = maximum surge pressure, psi
v = fluid velocity in feet per second
C = surge wave constant for water at 73°F

It should be noted that the surge pressure (water hammer)
calculated here is a maximum pressure rise for any fluid
velocity, such as would be expected from the instant
closing of a valve. It would therefore yield a somewhat
conservative figure for use with slow closing actuated
valves, etc.

For fluids heavier than water, the following correction
should be made to the surge wave constant C.

C'= (§G.-1)C+C
Where: C' = Corrected Surge Wave Constant
S.G. = Specific Gravity or Liquid

For example, for a liquid with a specific gravity of 1.2in 2"
Schedule 80 PVC pipe, from Table 43 = 24.2

c'= (1 .22- 1) (24.2) + 24.2

cl = 242+242
c' = 266
Table 21 - Surge Wave Correction for Specific Gravity

FIPE PVC CPVC POLY- |KYNAR
SIZE PROPYLENE| (PVDF
{IN.) [SCH 40 SCH 80/ SCH 40 SCH 80| SCH 80 [SCH &
14 | 313 | 347 | 332 | 373 — —
a8 | 203 | 327 | 310 | 347 — —
1z | 287 | 317 | 303 | 337 259 28.3
a4 | 263 | 208 2718 | 318 231 252

1 267 | 202 | 270 | 307 217 24.0
1104 232 | 270 | 245 | 288 19.8 —
14/2| 220 | 258 | 232 | 273 18.8 20.6

2 | zo2| 242] 213 253 17.3 18.0
22| 214 | 247 | 222 | 260 —

3 196 | 232 | 206 | 245 16.6

4 178 | 218 | 188 | 229 15.4

6 16.7 202 16.8 21.3

8 148 | 188 | 158 | 198

10 | 140 | 183 | 151 | 193

12 | 137 | 180 | 147 | 192

14 | 134 | 179 | 144 | 192
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Proper design when laying out a piping system will
eliminate the possibility of water hammer damage.
The following suggestions will help in avoiding problems:

1) In a plastic piping system, a fluid velocity not exceeding
5ft/sec. will minimize water hammer effects, even with
quickly closing valves, such as solenoid valves.

2) Using actuated valves which have a specific closing
time will eliminate the possibility of someone inadver-
tently slamming a valve open or closed too quickly. With
pneumatic and air-spring actuators, it may be neces-
sary to place a valve in the air line to slow down the
valve operation cycle.

3) If possible, when starting a pump, partially close the
valve in the discharge line to minimize the volume of lig-
uid which is rapidly accelerating through the system.
Once the pump is up to speed and the line completely
full, the valve may be opened.

4) A check valve installed near a pump in the discharge
line will keep the line full and help prevent excessive
water hammer during pump start-up.

VELOCITY

Thermoplastic piping systems have been installed that
have successfully handled water velocities in excess of
10 ft/sec. Thermoplastic pipe is not subject to erosion
caused by high velocities and turbulent flow, and in this
respect is superior to metal piping systems, particularly
where corrosive or chemically aggressive fluids are
involved. The Plastics Pipe Institute has issued the following
policy statement on water velocity: The maximum safe
water velocity in a thermoplastic piping system depends on
the specific details of the system and the operating
conditions. In general, 5 feet per second is considered to
be safe. Higher velocities may be used in cases where the
operating characteristics of valves and pumps are known so
that sudden changes in flow velocity can be controlled. The
total pressure in the system at any time (operating plus
surge or water hammer) should not exceed 150 percent of
the pressure rating of the system.

SAFETY FACTOR
As the duration of pressure surges due to water hammer is
extremely short - seconds, or more likely, fractions of a
second - in determining the safety factor the maximum fiber
stress due to total internal pressure must be compared to
some very short-term strength value. Referring to Figure 2,
shown on page15, it will be seen that the failure stress for
very short time periods is very high when compared to the
hydrostatic design stress. The calculation of safety factor
may thus be based very conservatively on the 20-second
strength value given in Figure 2, shown on page 15 - 8470
psi for PVC Type 1.
A sample calculation is shown below, based upon the listed
criteria:

Pipe = 1-1/4" Schedule 80 PVC

0O.D. =1.660: Wall = 0.191

HDS = 2000 psi
The calculated surge pressure for 1-1/4" Schedule 80 PVC
pipe at a velocity of 1 ft/sec is 26.2 psifft/sec.
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CARRYING CAPACITY & FRICTION LOSS
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Water Velocity = 5 feet per second

Static Pressure in System = 300 psi

Total System Pressure = Static Pressure + Surge Pressure:
Pt = PxPs

300 +5x26.2

4310 psi

Maximum circumferential stress is calculated from a
variation of the ISO Equation:
S = Pt {Do-f) = 431{1.660-.191) = 1657 .4
2t Zx 191
Safety Factor = 20 second strength = 8470 = 5.11
Maximum stress 1657
Table 28 gives the results of safety factor calculations based
upon service factors of 0.5 and 0.4 for the 1-1/4" PVC
Schedule 80 pipe of the example shown above using the full
pressure rating calculated from the listed hydrostatic design-
stress.

SYSTEMS ENGINEERING DATA
FOR THERMOPLASTIC PIPING

~

In each case, the hydrostatic design basis = 4000 psi, and
the water velocity = 5 feet per second.

Comparing safety factor for this 1-1/4" Schedule 80 pipe at
different service factors, it is instructive to note that changing
from a service factor of 0.5 to a more conservative 0.4
increases the safety factor only by 16%.

100 x ( 1-3.38 )= 16%
4.03

In the same way, changing the service factor from 0.4 to 0.35
increases the safety factor only by 9%. Changing the service
factor from 0.5 to 0.35 increases the safety factor by 24%.
From these comparisons it is obvious that little is to be
gained in safety from surge pressures by fairly large changes
in the hydrostatic design stress resulting from choice of more
conservative service factors.

Table 28
SAFETY FACTORS VS. SERVICE FACTORS - PVC TYPE 1 THERMOPLASTIC PIPE
PRESSURE SURGE MAXIMUM MAXIM LM
SERVICE HDS RATING PREZSURE PRESSURE STRESS SAFETY
PIPE CLASS FACTOR sl Psi AT 5§ FTISEC Pa1 Pal FACTOR
1-1M4" Sch. B0 0.5 2000 530 131.0 £51.0 25015 3.38
1-1M4" Sch. B0 04 16D 416 131.0 BT 21035 4.03

Pressure rating values are for PVC pipe, and for most sizes
are calculated from the experimentally determined long-term
strength of PVC extrusion compounds. Because molding
compounds may differ in long term strength and elevated
temperature properties from pipe compounds, piping
systems

INTRODUCTION

A major advantage of thermoplastic pipe is its exceptionally
smooth inside surface area, which reduces friction loss
compared to other materials.

Friction loss in plastic pipe remains constant over extended
periods of time, in contrast to some other materials where
the value of the Hazen and Williams C factor (constant for
inside roughness) decreases with time. As a result, the flow
capacity of thermoplastics is greater under fully turbulent
flow conditions like those encountered in water service.

CFACTORS

Tests made both with new pipe and pipe that had been in
service revealed C factor values for plastic pipe between
160 and 165. Thus, the factor of 150 recommended for
water in the equation below is on the conservative side. On
the other hand, the C factor for metallic pipe varies from 65
to 125, depending upon age and interior roughening. The
obvious benefit is that with plastic systems it is often
possible to use a smaller diameter pipe and still obtain the
same or even lower friction losses.

The most significant losses occur as a result of the length of
pipe and fittings and depend on the following factors.

g

© 2002 Corr Tech, Inc

FRICTION LOSS CHARACTERISTICS OF WATER
THROUGH PLASTIC PIPE, FITTINGS AND VALVES

consisting of extruded pipe and molded fittings may have
lower pressure ratings than those shown here, particularly
at the higher temperatures. Caution should be exercised in
design operating above 100°F.

1. Flow velocity of the fluid.

2. The type of fluid being transmitted, especially its viscosity.
3. Diameter of the pipe.

4. Surface roughness of interior of the pipe.

5. The length of the pipeline.

Hazen and Williams Formula

The head losses resulting from various water flow rates in
plastic piping may be calculated by means of the Hazen
and Williams formula:

f= 0.2033(@)1'352 X 91.352
c

Did.5055
=.0083q"** forC =150
%TITE'EE!:_
P = .4335f
Where:
f = Friction Head in ft. of Water per 100 ft of Pipe
P = Pressure Loss in psi per 100 ft. of Pipe
Di = Inside Diameter of Pipe, in.
g = Flow Rate in U.S. gal/min
C = Constant for Inside Roughness (C equals 150

thermoplastics)

J
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FLOW OF FLUIDS AND HEAD LOSS CALCULATIONS Flow in the critical zone, Reynolds numbers 2000 to 4000, is un-
Tables, flow charts, or a monograph may be used to assist in the stable and a surging type of flow exists. Pipe lines should be de-
design of a piping system depending upon the accuracy desired. In signed to avoid operation in the critical zone since head losses can-
computing the internal pressure for a specified flow rate, changes in not be calculated accurately in this zone. In addition, the unstable
static head loss due to restrictions (valves, orifices, etc.) as well as flow results in pressure surges and water hammer which may be
flow head loss must be considered. excessively high. In the transition zone, the degree of turbulence
) ) increases as the Reynolds number increases. However, due to the
The formula in Table 29 can be used to determine the headlossdue  smooth inside surface of plastic pipe, complete turbu-lence rarely
to flow if the fluid viscosity and density and flow rate are known. The exists. Most pipe systems are designed to operate in the transition
head loss in feet of fluid is given by: Zone.
= 188 LV
h= -T2 TABLE 29
f, the friction factor, is a function of the Reynolds number, a R LA PR A D
) . S R= _dVw SYMBOL QUANTITY UNITS
dimensionless parameter which indicates the degree of turbulence. 1Zu
i . dyvin Re 3160 G B flow rate barrels/hour
The Reynolds number is defined as: f= BV i d Insiie diamatsr nches
i N -~ - 22208 f  friction fact dimensionl
Figure 7 below shows the relationship between the friction factor, (= ed a ﬂr;wm;m - g;ﬁ:;;?nﬁz
and the Reynolds number, R. Itis seen that three distinct flow zones R= 22.?35% h oo - oot of fluid
eX|st._ In_ the Iamm_ar f_Iow zone, from ngn.olds numbers 0 to 2000, B = 4000 K Kinematic viscosity  centistokes
the friction factor is given by the equation: b 1pg 2 L langth of pipe foot .
f= Bd i d 2 P prassure drop lbsfin
R h= 0311 Ld% Q flow rate ﬁ3|'5vBE:.
Substituting this in the equation for the head loss, the formula B2 W R Reynaolds number dimensionless
for laminar flow becomes: P= “a4mng2 u absolute viscosity Ibfft-sac.
143 ULV e 1"|_t'.‘[“Z W W valocity ft lsec.
- P= u 5 : 3
h= —Wa d w density - Il:rs.'l'[l
z absolute viscosity centipoises
Fig.7 C I I 1T
09 i %
os VI CRITICAL
- LAMINAR - 2
o7 ZONE EI? H— e a———— Tmzrf;s,.';?o" — et
06 —— ‘-’ /0 T j tH
. . / 1 o -
En ‘i % I : + . m
g I 1 — | R =
5 }.rf f i .
= M .I’I \ ;; % FRICTIONAL FACTORS FOR
S | N ;ﬁ‘ THERMOPLASTIC PIPE
Flow 1 4TI T
B 1
c R N “ R
L 03 Rer | \q'_-..._. SHEAN A - u
: : N '
e | 1] I I B A 4 -
! ] 4 | LT |
02 { | {1 "‘I\] | Reynolds Number, R.|| | |
0! 2 3456 810° 2 3 456 BIO® 2 3 456 810° 2 3 456 8107 2 3 4568°
TABLE 30
MANNING EQUATION PIPE MATERIAL “n" RANGE
The Manning roughness factor is another equation used to EM‘;SJU'ES;“ on BLACK g-g} ;ﬁ-g}g
determlnefnctlop Io§s"|n hydrgullcflow. _L_|ke the Hazen-Wlllla_lms C WROUGHT IRON (GALVANIZED] 00130 017
factor, the Manning “n” factor is an empirical number that defines the SMOOTH BRASS 0.008-0.015
interior wall smoothness of a pipe. PVC pipe has an “n” value that GLASS 0.009-0.013
ranges from 0.008 to 0.012 from laboratory testing. Comparing with RIVETED AND SPIRAL STEEL 0.013-0.017
cast iron with a range of 0.011 to 0.015, PVC is at least 37.5 percent ClLayY DEAINAGE TILE 00110017
more efficient, or another way to express this would be to have CONCRETE 0.012-0.018
equal flow with the PVC pipe size being one-third smaller than the Eg:gggg EUNESLE SUREACE g'gﬁﬁ'g;g
cgs_t iron. Thgfollowmg table gives the range of “n” value for various PVC 0.008-0.012
piping materials. WO0OoD 0.010-0.013
© 2002 Corr Tech, Inc 31
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COMPENSATING FOR THERMAL EXPANSION
Thermoplastics exhibit a relatively high coefficient of thermal
expansion (see Relative Properties Chart page 13 and 14)—as
much as ten times that of steel. When designing plastic piping
systems, expansion of long runs must be considered. Installation
temperature versus working temperature or summer to winter
extremes must be considered.

One area where extreme temperature variations can occur is in a
polypropylene drain application. Temperature in waste systems
depends on quantity and temperature of the waste liquids
discharged into the system. In general, the quantities of wastes
discharged through waste systems from laboratories in educational
institutions will be relatively small (a few gallons at a time), while
industrial laboratories and processing systems may discharge large
quantities of very hot or very cold water.

There are several methods of controlling or compensating for
thermal expansion of piping systems: taking advantage of off-sets
and change of direction in the piping and expansion joints.

1. Offsets—Most piping systems have occasional changes in
direction which will allow the thermally induced length changes
to be taken up in offsets of the pipe beyond the bends. Where
this method is employed, the pipe must be able to float except
at anchor points.

2. Expansion Joints—Expansion joints for pressure applications
are generally expensive.

The expansion loops and offset tables as shown on following pages
have been generated for elevated temperatures as noted beneath
the table. If the change in temperature and working temperatures
are lower than those used to derive expansion loop and offset
tables, the figures will be conservative. These tables can be
generated for any temperature and expansion by using the
following equations and the modulus of elasticity and working stress
at the given temperature.

Assume the pipe to be a cantilevered beam. Deflection of a
cantilevered beam is DL.

_pPE
DL = 3El
Where:

Force Causing the Pipe to Deflect

Length of Pipe that is Deflected, in.

Modulus of Elasticity at System Temperature, psi
Moment of Inertia

Coefficient of Thermal Expansion, in./in. °F
Change of Temperature, °F

Change in Length = 12¢(DT), in.

Length of Straight Pipe Run, ft.

r,QQm—mNU
T TR TR TR TR TR

Maximum stress equation:

S= Mc
|
Where:
S = Working Stress atthe System Temperature, psi
M = Bending Moment, Ib. ft. = P/
¢ = Pipe O.D./2, in.
| =

Moment of Inertia

\§
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By substituting in maximum stress equation:

PID
S= 7
Rearranging:
_ 28l
- D

Rearranging deflection equation:

p- S3EI(DL)
l3

Equating both equations:

2SI _ 3EI(DL)
D - P

Solving for loop length/:

] = ( 3E2DS§DL)) 1

FIGURE 4
Expansion Loop and Offset Configurations for Thermoplastics.

Long Aun of Pipe

ﬂ = Closast Hangsr or Guide J

Change of Direciion

~

IhESSREALTED
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THERMAL EXPANSION COMPENSATION
The change in lengih of Tharmoplastic pipe with iemparatura
variation shoubd always be considerad when installing pipa

4 SYSTEMS ENGINEERING DATA
FOR THERMOPLASTIC PIPING

lings and provisions made (o compansate for this changa in
lengih. The following tebles heve been prapaned 10 assist you
in dedermining this axpansion,

TABLE 31 - THERMAL EXPANSION AL (in.) — PVC Type 1

CHANGE LENGTH OF RUN IN FEET
aT*F [10]20] 30 [ 40 [ 50 [ 60 [ 70 [ 80 [ s0 [ 100
30 1) .22 32) 43| 54| 65| 76| .B&)| 67| 1.0B
a0 |.1a] 20 43| se| 72| ee|1.01[115]1.30]1.44
Bl |.18).38) 54| 72| .BO)1.08[1.26)1.40)1.62] 1.80
60 |.22[.43] 65] .ea[1.08]1.30[151[1.73]184[ 218
T |.25).50| 76|1.01|1.26]1.51|1.76 | 2.02 | 2.27) 2.52
80 |.20|.58] 861.15]1.4a]1.73] 202]2.30]2.50] 288
80 32 65| AT(1.30|1.82(1.804( 2237 2.50)2.62] 3.24
100 | .36|.72|1.03[1.44|1.80)2.96] 2.52 | 2.86)|3.24| 3.60

Example: Highest temparature expecied— 120°F

Lewaest Iemparaiurg expesbod— 50°F
Total Changa (aT) TorF
Lenigth of rum-—40 fes

From 70°F row on FVG chart read 1.01 in. length changa [aL)
MOTE: Table is based on: Al = 12al(aT)
Wheare: & =Coefficien of Tharmal Expansion

=3.0= 10r€in.lin,*F
L = Length of Run
AT = Tempearaiura Change
TABLE 32 - THERMAL EXPANSION AL(in.) — CPVC Schd. 80
JﬁﬁE LENGTH OF AUN IM FEET

AT*F |10 (20| 30 | 40 | 50 | &0 | 70 | &0 | o0 | 100

L9 1B| 27| 36| 46 55| B4 3| 8F B

A4 27| A1 55] BB AR 6] 008 123137
"

TABLE 34 - THERMAL EXPANSION AL (in.) — PVDF
Schedule 80 and Pur-Flo

~

JﬁmE LEMGTH OF RUN IN FEET
aT*F |10 20 [30 [ 40 [ 50 [ &0 | 70 [ 80 | 90 [100
20 A8 3@l BBl 7T BE|1.45|1.34 1.54 173|192
a0 |.38] 77[1.15]1.54 192 2.30] 260 [3.07 |3.08 204
| 50 |48 96[1.441.02]2.40{2.88[3.36|3.84 432 |4 80
1] BA1.15]1.73|2.50 |2.88 | 3.46| 4.03 |4.61 |5.1B|5.76
70 |.87[1.3e|202]280]3.98)a.03] 4 70(5.38 [s.05 672
o 77 |1.54|2.30|3.07 |3.84]| 4.61 | 536 |6.14 |6.81 |T.68
0 |.86|1.73]258]3.08 432] 58] 608 |es |7 e
100 o8 |1.92 |2.88|3.84 |[4.80) 5.TE| B.T2 ?.EHJH.E-I-]'EI.E-IJ

The Tallowing exgansion kog and offset ngihs have been
calkculated based on strass and modulus of elasticites &l the
termperabung shown below each chart, To caloulate the proper
length of loog at other temparaiunes the ollewing formula may
ba used:

i JE (DD AL
25

Whara:
AT = Ternperatune Change in °F
5 = Thermal Stress, pal = a(AT)E
E = Modulus of Elasticity (found in relative properties
chari on pages 482 and 483)
Al = Langth Change in inches &l AT (see tables abave)
[ = Tatal Length of Loop or Odiset

\_
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a0

40 |.18|.36| 55| .73 1.08(1.28) 1.46 |1.64 |1.62 TABLE 35 - EXPANSION LOOPS AND OFFSET LENGTHS,

50 |.23) 46| E8| o1 |1.04]0.87)1.60[ 102|208 |20 PVC Type 1, Schedule 40 and 80

60 |.27l8s| E2|1.00]1.57( 184102 2100 | 246 (274 Now LERGTH OF UM IN FEET

70 |.32)64| 86(128]1.60]1.92|2.23) 255 287|319 pig | averace |10 |20 [30 40 [s0 [ 60 | 7o | a0 | s0 [ 100

80 |.36|.7a[1.00|146) 162|219 265292 |326 (365 SIZE| oD LENGTH QF LOOP °I™ N INCHES

90 |.41].82[1.23]1.64]|2.05| 2.46|2.67| 3.28 |3.68 | 4,10 | 0 Mpsjwiaiu] el naluM

100 | .46].01[1.37|182|2.28] 274|319 .88 [4.10[ 4 58 M| e el M Nyl n el
TABLE 33 - THERMAL EXPANSION AL (in.) — Copoly. Poly. ! LML LI AR IR 1R AR ] Rl L.
Tern | 1a | 860 [18 (o2 fowfa0 | aa| a7 | 40 ) 4a) 48] 48
CHANGE LENGTH OF RUN IN FEET i | 1800 (16|23 |2 (33 (36| an] s3] 48] 48| @
AT*F (10 20 | 30| 40| 50 | 60 | 70 | 8O | 90 100 2 2375 (10 (26 |22 (28 (41| a5 ] 40| &2 ) 85| A |

20 |A5] .pa| 4e .59| 7a| aa|102(1aT]1.82]1.48 3 3500 |22 (3 Ja@ 44 (40| 5af @) 63| e8| 0

30 22| 44| e8] .88)1.90]1.22]1.54]1.78]1.98]2.20 a | 4500 |253s|43|so|se| e | es)| 71| 7| mm

&0 |20l 5% e81.17]1.48|1.76|2.05 | 234 |2 64 |2.03 B BA25 |30 (ayjEA (@0 (8B ) Va| BO) 85| 91 96

50 |[.a37) .73 [1.100[1.48]1.89|2.20|2.56 | 293|320 |3.66 8 | 8625 [35/H 160160 7B| BS] W] 98 1104|100

80 |.44] 68 [1.32]1.78| 2.20]2.84 3,07 351|305 ]4.39 10 | 10750 |39)BSEF|TV 87) 081102110116 | 122

70 |51 1.02[154)208[ 288[a07 |38 [a 10 a1 [502| L12L 12TS0 192|B0 78184 M)08 | 12 ) 108|128 | 1

a0 =al1.9711.781 2.3¢| 2.8 3.51 | 4.10 | 4.68 |5.27 |5.88 HE}E;EJEIEHMWWH:JMTHMMUID‘HIHEIH:H:FEI 130°F

90 |e8|1.3] 108 2.60] 320305461 |57 [5.03 |6 50 E:gﬁ“xﬂf&m

100 |.73|1.48 z.g:_llz.m 4.68|4.30|5.12 [5.86 | 6.59 | 7.32
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4 SYSTEMS ENGINEERING DATA )
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TABLE 36 TABLE 38
EXPANSION LOOPS AND OFFSET LEMGTHS, CPVC EXPAMNSION LOOPS AND OFFSET LENGTHS, PYDF
Schedule BD Schedule 80

om. LEMGTH OF RUMN M FEET _— LENGTH OF RUN IN FEET

pipE | avemace |19 ] 20] 30 {40 [ 5o [ 60 | 7o [ ea | so |10 PIPE | avERAGE | 10|20 30| 40] 50 (60| 70| 80 | 0o |00
— LIENGETH DFLOGS T BimcHEy SIZE| 0D LENGTH OF LOOP “I” IN INCHES

2 B30 NMS|en) o8| 30) 3] 97 ) ) 42 ) 45 ) 47 g B0 |10)15|16| 20|23 |25 | 27| |32
A, Wi R AR 1R R TR L a4 | 1050 [11]16] 20|26 283032 54 ]
I‘“ ::::;’:::i:ﬁ::::::: 1 1315 13|18 |22|26( 2093134 36|3a 40
1% | 1800 [z3]a2| 20| a5 50 s5| 5o 6a| 67| ™ TN ) Ve | 16180125 o | ) o0 41 48] 6
S e el e als 1% | 1800 |15|22 (2731|3438 |41 (44|48 48
s | as00 [mlea| sal el eel 51 &1 [ o6 | o1 a7 2 | 237 [17]2e]30]a4[3n]42]46]a0]s2]se
e 1 ams mlalsd ml il m wlanelie NgﬁELanmmmmummmmmmwa
- GEDS (42|59 73| B&| Se| o033 |11 | 119 | 925 | 133 5 = 1080 psi

8 | B625 48] 67| 83| o6 [ 107 | 118 [ 127 | 038 [ a3 | as2 G m1.042 104 pai

0 | 10750 [se] 75| salvor [119] 131 [ 1z [ 151 [ 160 | 160

12 | 12750 [se]mafvor]vie [ 190 rea [ 15e [ 16 [ 17a | 10e
WOTE: Table based on streds and modulus of elasticity at 160°F.

AT =100°F

5= 750 psi

E = 281 x 104 pai

TABLE 37
EXPANSION LOOPS AND OFFSET LENGTHS

COPOLYMER

Emm"“ LENGTH OF RUN IN FEET

mee | mverace [19]20]30 [0 [50 ['eo [ 70 [80 [ w0 [ 100

SIZE | o0 LENGTH OF LOOP “I* IN INCHES

12 Be0 |1elas] m] o8] so] a4 7] s0f s4] 57

[T 1050 |20|em| as] so| 45| 4o sma| se| so| 2

1 1915 |22(32] 30| &5 50 s5| s s3] e[ m

W 1660 |25|as| <3| 5o 56 e2| e8| 1| | M

i 1000 |2v[sn] o6 sa| so] | 71| 76 o] es

[ 2375 |s0]e2| 52| eo| 67| 74| 7o 65] | s

3 3500 [a8|se| sa 7af s ma| & vo0a|r0a] s

4 4500 [a1]sa| 71| sa s 1o [roe|oor]12a ] 1

& 6626 [s0|m | arfwoo 1121z 1ae [vaz 1 [ 1se

[ 8625 [57]m | e fura 128 ] 14015 [ a2 ] vr2 |1

1w | 1a7so [sa]en|1in |28 [ 143|158 | 1ee | v | 19e | 202

12 | 12750 [s]es (121|130 158 [ 170 ] 1ae | 107 | 200 | 220

HOTE: Tabda based an siress and modulus of slastcty & 180°F,
AT =100%F
5 =240 pai
E = B3 = 10% I,

. J
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SYSTEMS ENGINEERING DATA

~

FOR THERMOPLASTIC PIPING

These tables ama besed on: TABLE 41
F = g = restraining foroe, Ibs. RESTRAINT FORCE “F" (LB,), Copolymer Polypropylens
A = Cross sectional wall ares, In.2 Schedule B0
S=8{aTE" PIPE | CROSS SECTIOMNAL AT =50%F AT =100%F
& = Coaflicient of lingr expansion” SIZE | WALLAREA(IN.Y | S=E80PSl | S=1110P5I
E = Modulus of alasticiy”
AT = Temperature change, *F ;E 20 :” 254
*All values are available from relative properties chart on el w 308
pages 482 and 483 1 538 283 B
TABLE 39 14 Bz 404 BCA
RESTRAINT FORCE "F” [LB.)=PV¥C Type 1 1% 1.088 43 479
Schedule 40 and 80. 2 1.477 663 1,325
SCHEDULE 48 PYC SCHEDULE 80 PYE 3 2,016 1,381 2,762
CROSS | aT= | 4T= CROSS | 4T= | 4T= "
SECTIONAL| So°F | 100°F |SECTIONAL| setF | tooeF 4 4.407 2018 4,06
PPE| WALL §= §= WHLL 8= B= B 0,405 9059 7658
SIZE| AREA N7 | 630 PSI| 1260 P5I| AREA (Y | 630 P51 | 1260 P51
i 25 188 a0 a3 00| 400 : :”53 ] 11,690
4 A5 0 420 434 ars | =E0 0 8.922 8,668 17.3%2
1 - =0 | e20 838 a8 | s 12 26,035 11.829 3848
14 B 420 &40 fTE 565 | 1,110
1% B0 s05 | 1000 1.068 675 | 1380 TABLE 42
f ; 530
: 1 O e L =21 RESTRAINT FORCE “F" (LB.), PVDF Schedule 80
. -] LI . Lo d FIPE | CROSSSECTIONAL AT = 50°F AT =100°F
4] GTM J3000) 4000] 4MF | L7B] SS50 SIZE | WALLAREA(IN.f) | S5=B50PS1 | S=1700PSI
B B84 | ass | Tos0 154&5 5295 | 10,550 V2 a0 270 40
AR R R P 4% |
12 | 18745 | oo | 1mman | seoas | i400 | aneco : 39 o L.
ik B 5 1,500
1% 1.068 Ba5 1,610
TABLE 40 2 1.477 1,258 2510
RESTAAINT FORCE “F™ (LB.), CPVC Schedule BD 3 S018 2 B85 5130
PFIPE | CAROSS SECTIONAL AT =50°F AT =100°F =
SIZE WALL AREA [IW.¥) S=B05P5l | S=1610PSI 4 #4807 3,745 7:490
172 a3 260 520
3 A34 50 Foo TABLE 43
1 B3 15 1,030 RESTRAINT FORCE “F” (LB.), PVDF
LL e Ho 1,420 FIFE | GROSS SECTIONAL | /AT =80°F | AAT = 100°F
14 1.068 B&0 1,720 BIZE | WALL AREA{INY | S=B50P3I | 5= 1700 PSI
2 1.477 1,190 2380 i VRL:Td 142 R4
;| 4078 2,430 4,850 % 0213 180 360
4 4,407 3,650 7100 i 0348 284 SEE
B B.405 765 13,530 1% bS8 &7 1168
A 12,763 10,275 20,550 2 0LATE 745 1440
10 18.622 15,230 30,450 3 1,781 1832 044
12 26,035 20,560 41,920 4 706 300 4500

\_

© 2002 Corr Tech

, Inc

it 2o

35



