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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:

Where:

P  = Internal Pressure, psi
S  = Circumferential Stress, psi
t  = Wall thickness, in.
D

0 
 = Outside Pipe diameter, in.

R = D
0
/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 + b log S

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

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 TYPE I

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 I-A below.

SERVICE FACTORS AND HYDROSTATIC DESIGN
STRESS (HDS)*

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.

TABLE 1

*Material: PVC Type 1 & CPVC
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Table 2

Table 3

FLANGED SYSTEMS
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PRESSURE RATINGS
PVC LARGE DIAMETER FABRICATED FITTINGS

AT 73°F 10" THROUGH 24"

Table 4

Table 5

Table 7

Table 8

Table 6
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PRESSURE RATINGS
PVC LARGE DIAMETER FABRICATED FITTINGS

AT 73°F 10" THROUGH 24"

Table 9 Table 11

Table 10

Table 12

Table 13
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PRESSURE RATINGS
PVC LARGE DIAMETER FABRICATED FITTINGS

AT 73°F
Table 14 Table 15

Table 16

Table 17
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Table 18

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:

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

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.
c = 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.

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

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.
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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
within a pipeline, owing to its mass and velocity, contains stored energy.
Since liquids are essentially incompressible, this energy cannot be
absorbed by the fluid when a valve is suddenly closed. The result is 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.

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.

Table 20

Where:
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 = Wall 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.

NOTE: For sizes larger than 12", call your Corr Tech representative.
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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 liq-
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
O.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 psi/ft/sec.

SYSTEMS ENGINEERING DATA
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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.

Where: T c = Valve Closure time, sec.
L = Length of Pipe run, ft.
C = Sonic Velocity of the Pressure Wave=

4720 ft. sec.

Where: C1 = Corrected Surge Wave Constant
S.G. = Specific Gravity or Liquid

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

Table 21 - Surge Wave Correction for Specific Gravity

Another formula which closely predicts water hammer
effects is:

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.
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CARRYING CAPACITY & FRICTION LOSS
TABLE 22
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CARRYING CAPACITY & FRICTION LOSS
TABLE 27
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SAFETY FACTORS VS. SERVICE FACTORS - PVC TYPE 1 THERMOPLASTIC PIPE
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Water Velocity = 5 feet per second
Static Pressure in System = 300 psi
Total System Pressure = Static Pressure + Surge Pressure:
Pt = P x Ps

= 300 + 5 x 26.2
= 431.0 psi

Maximum circumferential stress is calculated from a
variation of the ISO Equation:

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.

Table 28

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.

C FACTORS
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.

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%.

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.

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.

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

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:

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.
q = Flow Rate in U.S. gal/min
C = Constant for Inside Roughness (C equals 150

thermoplastics)
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FLOW OF FLUIDS AND HEAD LOSS CALCULATIONS
Tables, flow charts, or a monograph may be used to assist in the
design of a piping system depending upon the accuracy desired. In
computing the internal pressure for a specified flow rate, changes in
static head loss due to restrictions (valves, orifices, etc.) as well as
flow head loss must be considered.

The formula in Table 29 can be used to determine the head loss due
to flow if the fluid viscosity and density and flow rate are known. The
head loss in feet of fluid is given by:

f, the friction factor, is a function of the Reynolds number, a
dimensionless parameter which indicates the degree of turbulence.

The Reynolds number is defined as:

Figure 7 below shows the relationship between the friction factor,
and the Reynolds number, R. It is seen that three distinct flow zones
exist. In the laminar flow zone, from Reynolds numbers 0 to 2000,
the friction factor is given by the equation:

Substituting this in the equation for the head loss, the formula
for laminar flow becomes:

Flow in the critical zone, Reynolds numbers 2000 to 4000, is un-
stable and a surging type of flow exists. Pipe lines should be de-
signed to avoid operation in the critical zone since head losses can-
not be calculated accurately in this zone. In addition, the unstable
flow results in pressure surges and water hammer which may be
excessively high. In the transition zone, the degree of turbulence
increases as the Reynolds number increases. However, due to the
smooth inside surface of plastic pipe, complete turbu-lence rarely
exists. Most pipe systems are designed to operate in the transition
zone.

TABLE 29

TABLE 30

MANNING EQUATION
The Manning roughness factor is another equation used to
determine friction loss in hydraulic flow. Like the Hazen-Williams C
factor, the Manning “n” factor is an empirical number that defines the
interior wall smoothness of a pipe. PVC pipe has an “n” value that
ranges from 0.008 to 0.012 from laboratory testing. Comparing with
cast iron with a range of 0.011 to 0.015, PVC is at least 37.5 percent
more efficient, or another way to express this would be to have
equal flow with the PVC pipe size being one-third smaller than the
cast iron. The following table gives the range of “n” value for various
piping materials.

SYSTEMS ENGINEERING DATA
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Fig. 7
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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 off­sets
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  ∆L.

∆L = Pl3

3EI
Where:

P = Force Causing the Pipe to Deflect
l = Length of Pipe that is Deflected, in.
E = Modulus of Elasticity at System Temperature, psi
I = Moment of Inertia
e = Coefficient of Thermal Expansion, in./in. °F

∆T = Change of Temperature, °F
∆L = Change in Length = 12e(∆T), in.
L = Length of Straight Pipe Run, ft.

Maximum stress equation:

S = Mc
I

Where:
S = Working Stress at the System Temperature, psi
M = Bending Moment, lb. ft. = Pl
c = Pipe O.D./2, in.
I = Moment of Inertia

By substituting in maximum stress equation:

Rearranging:

S =
PlD
2I

P =
2SI
lD

Rearranging deflection equation:

P = 3EI (∆L)
l3

Equating both equations:

2SI
lD

3EI (∆L)
l3=

Solving for loop length l:

3ED(∆L)
2S

( )½l =

FIGURE 4
Expansion Loop and Offset Configurations for Thermoplastics.
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TABLE 31 - THERMAL EXPANSION ∆∆∆∆∆L(in.) — PVC Type 1

TABLE 32 - THERMAL EXPANSION ∆∆∆∆∆L(in.) — CPVC Schd. 80

TABLE 33 - THERMAL EXPANSION ∆∆∆∆∆L(in.) — Copoly. Poly.

TABLE 35 - EXPANSION LOOPS AND OFFSET LENGTHS,
PVC Type 1, Schedule 40 and 80

TABLE 34 - THERMAL EXPANSION ∆∆∆∆∆L(in.) — PVDF
Schedule 80 and Pur-Flo
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TABLE 36 TABLE 38

TABLE 37
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TABLE 39

TABLE 41

TABLE 42

TABLE 43
RESTRAINT FORCE “F” (LB.), PVDF

TABLE 40


