
APPENDIX E

• Based on a system of pressure losses, the sum of which
must not exceed the minimum pressure available at the
street main or other source of supply.

• Pipe sizing based on estimatedpeak demand, total pressure
losses caused by difference in elevation, equipment, devel­
oped length and pressure required at most remote fixture,
loss through taps in water main, losses through fittings, fil­
ters, backflow prevention devices, valves and pipe friction.

Because of the variable conditions encountereq in hydraulic
design, it is impractical tp specify definite and detailed rule~ for
sizing of the water piping system. Current sizing methods do
not address the differences in the probability of use and flow
characteristics offixtures between types ofoccupancies. Creat­
ing an exact model of predicting the demand for a building is
impossible and final studies assessing the impact of water con­
servation on demand are not yet complete. The following steps
are necessary for the segmented loss method.

1. Preliminary. Obtain the necessary information regard­
ing the minimum daily static service pressure in the area
where the building is to be located. If the building supply
is to be metered, obtain information regarding friction
loss relative to the rate of flow for meters in the range of
sizes to be used. Friction loss data can be obtained from
manufacturers ofwater meters. It is essential that enough
pressure be available to overcome all system losses
caused by friction and elevation so that plumbing fix­
tures operate properly. Section 604.6 requires the water
distribution system to be designed for the minimum pres­
sure available taking into consideration pressure fluctua­
tions. The lowest pressure must be selected to guarantee
a continuous, adequate supply of water. The lowest pres­
sure in the public main usually occurs in the summer
because of lawn sprinkling and supplying water for'
air-conditioning cooling towers. Future demands placed
on the public main as a result of large growth or expan­
sion should also be considered. The available pressure
will decrease as additional loads are placed on the public
system.

. 2. Demand load. Estimate the supply demand of the build­
ing main and the principal branches and risers of the sys­
tem by totaling the corresponding demand from the
applicable part of Table EI03.3(3). When estimating
peak demand sizing methods typically use water supply
fixture units (w.s.f.u.)[see Table EI03.3(2)]. This
numerical factor measures the load-producing effect of a
single plumbing fixture of a given kind. The use of such
fixture units can be applied to a single basic probability
curve (or table), found in the various sizing methods
[Table EI03.3(3)]. The fixture units are then converted
into gallons per minute (LIm) flow rate for estimating
demand.

2.1. Estimate continuous supply demand in gallons
per minute (LIm) for lawn sprinklers, air conai­
tioners, etc., and add the sum to the total demand
for fixtures. The result is the estimated supply
demand for the building supply. Fixture units
cannot be applied to constant use fixtures such as
hose bibbs, lawn sprinklers and air conditioners.
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These types of fixtures must be assigned the gal- _
Ion per minute (LIm) value. •

3. Selection of pipe si~e. This water pipe sizing procedure
is based on a system ofpressure requirements and losses,
the sum of which must not exceed the minimum pressure
available at the supply source. These pressures are as fol-
lows: .

3.1. Pressure required at the fixture to produce
required flow. See Section 604.3 and Section
604.5.

3.2. Static pressure loss or gain (because of head) is
computed at 0.433 psi per foot (9.8 kPalm) ofele­
vation change.

3.3. Loss through a water meter. The friction or pres­
sure loss can be obtained from the manufacturer.

3.4. Loss thro~gh taps in water main [see Table
EI03.3(4)]. .

3.5. Losses through special devices such as filters,
softeners, backflow prevention devices and pres­
sure regulators. These values must be obtained
from the manufacturers.

3.6. Loss through valves and fittings [see Tables
EI03.3(5) andEI03.3(6)]. Losses fortheseit.ems
are calculated by converting to equivalent length.
of piping and adding to the total pipe length. _

3.7. Loss caused by pipe friction can be calculated •
when the pipe size, the pipe length and the flow
through the pipe are known. With these three
items, the friction loss can be determined using
Figures EI03.3(2) through EI03.3(7). When
using charts, use pipe inside diameters. For pip-
ing flow charts not included, use manufacturers'
tables and velocity recommendations. Before
attempting to size any water supply system, it is
necessary to gather preliminary information
which includes available pressure, piping mate-
rial, select design velocity, elevation differences
and developed length to most remote fixture. The
water supply system is divided into sections at
major changes in elevation or where branches
lead to fixture groups. The peak demand must be
determined in each part of the hot and cold water
supply system which includes the corresponding
water supply fixture unit and conversion to gal-
lons per minute (LIm) flow rate to be expected
through each section. Sizing methods require the
determination of the "most hy~raulically

remote" fixture to compute the pressure loss
caused by pipe and fittings. The hydraulically
remote fixture represents the most downstream
fixture along the circuit of piping requiring the
most available pressure to operate properly. Con­
sideration must be given to all pressure demands _
and losses, such as friction caused by pipe, .fit- •
tings and equipment, elevation and the residual
pressure required by Table 604.3. The ~wo most
common and frequent· complaints about the
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water supply system operatio~ are lack of ade­
quate pre~sure and noise.

Problem: What size Type L copper water pipe, service and dis­
tribution will be required to serve a two-story factory building
having on each floor, b£\ck-to-hack, two toilet rooms each
equipped with hot and cold water? :The highest fixture is 21 feet
(6401 mm) above the street main, which is tapped with a 2-inch
(51 mm) corporation cock at which point the.minimum pres­
sure is 55 psi (379.2 kPa). In the building basement, a 2-inch
(51 mm) meter with a maximum pressure dr9P of 11 psi (75.8
kPa) and 3-inch (76 mm) reduced pressure principle backflow
preventer with a maximum pressure drop of 9 psi (621 kPa) are
to be installed. The system is shown by Figure EI03.3(1). To be
determined are the pipe sizes for the service main and the cold
and hot water distribution pipes.

Solution: A tabular arrangement such as shown in Table
EI03.3(1) should first be constructed. The steps to be fol­

.. lowed are indicated by the tabular arrangement itselfas they
are in'sequence, columns 1 through 10 and lines A through
L.

Step 1

Columns 1 and 2: Divide the system into sections breaking
at major changes in elevation or where branches lead to fix­
ture groups. After point B [see Figure EI03.3(l)], separate
consideration will be given to the hot and cold water piping.
Enter the sections to be considered in the service and cold
water piping in Column 1 of the tabular arrangement. Col­
umn 1 of Table EI03.3(l) provides a line-by-line recom­
mended tabular arrangement for use in solving pipe sizing.

The objective in designing the water supply system is to
ensure an adequate water supply' and pressure to all fixtures
and equipment. Column 2 provides the pounds per square
inch (psi) to be considered separately from the minimum
pressure available at the main. Losses to take into consider­
ation are the following: the differences in elevations
between the water supply source and the highest water sup­
ply outlet, meter pressure losses, the tap in main loss, special
fixture devices such as water softeners and backflow pre­
vention devices and the pressure required at the most remote
fixture outlet. The difference in elevation can result in an
increase or decrease in available pressure at the main.
Where the water supply outlet is located above the source,
this results in a loss in the available pressure and is sub­
tracted from the pressure at the water source. Where the
highest water supply outlet is located below the water sup­
ply source, there will be an increase in pressure that is added
to the available pressure of the water source.

Column 3: According to Table EI03.3(~), determine the
gpm (Lim) of flow to be expected in each section of the sys-

. tern. These flows range from 28.6 to 108 gpm. Load values
for fixtures must be determined as watet supply fixture units
and then converted to a gallon-per-minute (gpm) rating to
determine peak demand. When calculating peak demands,
the water supply' fixture units are added and then converted
to the gallon-per-minute rating. For continuous flow fix­
tures such as hose bibbs and lawn sprinkler systems, add the
gallon-per-minute demand to the intermittent demand of
fixtures. For example, a total of 120 water supply fixture
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units is converted to a demand of48 ga~lons per minute. Two
hose bibbs x 5 gpm demand = 10 gpm. Total gpm rating =
48.0 gpm + 10 gpm = 58.0 gpm demand.

Step 2

Line A: Enter the minimum pressure available at the main
source of supply in Column 2. This is 55 psi (379.2 kPa).
The local water authorities generally keep records of pres­
sures at different times of day and year. The available pres­
sure can also be checked from nearby buildings or from fire
department ·hydrant checks.

Line B: Determine from Table 604.3 the highest pressure
required for the fixtures on the system, which is 15 psi
(103.4 kPa), to operate a flushometer valve. The most
remote fixture outlet is necessary to compute the pressure
loss caused by pipe and fittings, and represents the most
downstream fixture along the circuit of piping requiring the
available pressure to operate properly as indicated by Table
604.3.

Line C: Determine the pressure loss for the meter size given
or assumed. The total water flow from the main through the
service as determined in Step 1 will serve to aid in the meter
selected. There are three common types of water meters; the
pressure losses are determined by the American Water
Works Association Standards for displacement type, com­
pound type and turbine type. The maximum pressure loss of
such devices takes into consideration the meter size, safe
operating capacity (gpm) and maximum rates for continu­
ous operations (gpm). Typically, equipment imparts greater
pressure losses than piping.

Line D: Select from Table EI03.3(4) and enter the pressure
loss for the tap size given or assumed. The loss of pressure
through taps and tees in pounds per square inch (psi) are
based on the total gallon-per-minute flow rate and size ofthe
tap.

Line E: Determine the difference in elevation between the
main and source of supply and the highest fixture on the sys­
tem. Multiply this figure, expressed in feet, by 0.43 psi (2.9
kPa). Enter the resulting psi loss on Line E. The difference
in elevation between the water supply source and the highest
water supply outlet has a significant impact on the sizing of
the water supply system. The difference in elevation usually
results in a loss in the available pressure because the water
supply outlet is generally located above the water supply
source. The loss is caused by the pressure required to lift the
water to the outlet. The pressure loss is subtracted from the
pressure at the water source. Where the highest water supply
outlet is located below the water source, there will be an
increase in pressure which is added to the available pressure
of the water source.

Lines F, G and H: The pressure losses through filters,
backflow prevention devices or other special fixtures must
be obtained from the manufacturer or estimated and entered
on .these lines. Equipment such as backflow prevention
devices, check valves, water softeners, instantaneous or
tankless water heaters, filters and strainers can impart a
much greater pressure loss than the piping. The pressure
losses can range from 8 psi to 30 psi.
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main source of supply. Trial pipe size may be arrived at by
the following formula:

Line J:. (Pressure available to overcome pipe friction) x
1DO/equivalent length of run total developed length to most
remote fixture x percentage factor of 1.5 (note: a percentage
factor is used only as an estimate for friction losses imposed
for fittings for initial trial pipe size) =psi (average pressure
drops per 100 feet of pipe).

For trial pipe size see Figure E 103.3(3) (Type L copper)
based on 2.77 psi and a 108 gpm =21/ 2 inches. To determine
the equivalent length of run to the most remote outlet, the
developed length is determined and added to the friction
losses for fittings and valves. The developed lengths of the
designated pipe sections are as follows:

Total developed length = 225 ft

The equivalent length of the friction loss in fittings and
valves must be added to the developed length (most remote
outlet). Where the size of fittings and valves is not known,
the added friction loss should be approximated. A general
rule that has been used is to add 50 percent of the developed
length to allow for fittings and valves. For example, the
equivalent length of run equals the developed length of run _
(225 ft x 1.5 = 338 ft). The total equivalent length of run for •
determining a trial pipe size is 338 feet.

Example: 9.36 (pressure available to overcome pipe
friction) xlOO/ 338 (equivalent length ofrun = 225 x 1.5)
=2.77 psi (average pressure drop per 100 feet of pipe).

Step 7

Column 6: Select from Table El03~3(6) the equivalent
lengths for the trial pipe size of fittings and valves on each
pipe section. Enter the sum for each section in Column 6.
(The number of fittings to be used in this example must be
an estimate.) The equivalent length of piping is the devel­
oped length plus the equivalent lengths of pipe correspond­
ing to friction head losses for fittings and valves. Where the
size of fittings and valves is not known, the added friction
head losses must be approximated. An estimate for this
example is found in Table E.1.

Step 8

Column 7: Add the figures from Column 4 and Column 6, and
enter in Column 7. Express the sum in hundreds of feet.
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Step 3

Line I: The sum ofthe pressure requirements and losses that
affect the overall system (Lines B through H) is entered on
this line. Summarizing the steps, all of the system losses are
subtracted from the minimum water pressure. The remain­
der is the pressure available for friction, defined as the
energy available to push the water through the pipes to each
fixture. This force can be used as an average pressure loss,
as long as the pressure available for friction is not exceeded.
Saving a certain amount for available water supply pres­
sures as an area incurs growth, or because of aging of the
pipe or equipment added to the system is recommended.

Step 4

Line J: Subtract Line I from Line A. This gives the pressure
that remains available from overcoming friction losses in
the system. This figure is a guide to the pipe size that is cho­
sen for each section, incorporating the total friction losses to
the most remote outlet (measured length is called devel~ped

length).

Exception: When the main is above the highest fixture,
the resulting psi must be considered a pressure gain
(static head gain) and omitted from the sums of Lines B
through H and added to Line J.

The maximum friction head loss that can be tolerated in
the system during peak demand is the difference between
the static pressure at the highest and most remote outlet at
no-flow conditions and the minimum flow pressure
required at that outlet. If the losses are within the required
limits,then every run ofpipe will also be within the required
friction head loss. Static pressure loss is the most remote
outlet in feet x 0.433 = loss in psi caused by elevation differ­
ences.

Step 5

Column 4: Enter the length ofeach section from the main to
the most remote outlet (at Point E). Divide the water supply
system into sections breaking at major changes in elevation
or where branches lead to fixture groups. '

Step 6

Column 5: When selecting a trial pipe size, the length from
the water service or meter to the most remote fixture outlet
must be measured to determine the developed length. How­
ever, in systems having a flush valve or temperature con­
trolled shower at the top most floors the developed length
would be from the water meter to the most remote flush
valve on the system. A rule of thumb is that size will become
progressively smaller as the system extends farther from the

A-B

B-C

C-D

D-E

54 ft

8ft

13 ft

150 ft
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TABLE E.1

PRESSURE LOSS .~RESSURE LOSS
EXPRESSED AS EXPRESSED AS

COLDWATER EQUIVALENT LENGTH HOT WATER PIPE EQUIVALENT OF TUBE
PIPE SECTION FITIINGSNALVES OF TUBE (feet) SECTION FITIINGSNALVES (feet)

3-21/{ Gate valves 3 A-B 3-21/{ Gate valves 3
A-B

1-21/{ Side branch tee 12 1-21/{ Side branch tee 12

1-21/{ Straight run tee 0.5 B-C 1-2" Straight run tee 7
B-C

1-2" 90-degree ell 0.5

C-F 1-21/{ Side branch tee 12 C-F 1-11/{ Side branch tee 7

C-D 1-21/{ 90-degree ell 7 C-D 1_1/{ 90-degree ell 4

D-E 1-21/{ Side branch tee 12 D-E 1-11/{ Side branch tee 7

Step 9

Column 8: Select from Figure EI03.3(3) the friction loss
per 100 feet (30480 mm) of pipe for the gallon-per-minute
flow in a section (Column 3) and trial pipe size (Column 5).
Maximum friction head loss per 100 feet is determined on
the basis of total pressure available for friction head loss and
the longest equivalent length of run. The selection is based
on the gallon-per-minute demand, the uniform friction head
loss, and the maximum design velocity. Where the size indi­
cated by hydraulic table indicates a velocity in excess of the
selected velocity, a size must be selected which produces the
required velocity.

Step 10 "-

Column 9: Multiply the figures in Columns 7 and 8 for each
section and enter in Column 9.

Total friction loss is determined by multiplying the fric­
tion loss per 100 feet (30 480 mm) for each pipe section in
the total developed length by the pressure loss in fittings
expressed as equivalent length in feet. Note: Section C-F
should be considered in the total pipe friction losses only if
greater loss occurs in Section C-F than in pipe section D-E.
Section C-F is not considered in the total developed length.
Total friction loss in equivalent length is determined in
Table E.2.

Step 11

Line K: Enter the sum of the values in Column 9. The value
is the total friction loss in equivalent length for each desig­
nated pipe section.

Step 12

Line L: Subtract Line J from Line K and enter in Column
10.

The result should always be a positive or plus figure. If it
is not, repeat the operation usiQ.g Columns 5, 6, 8 and'9 until
a balance or near balance is obtained. If the difference
between Lines J and K is a high positive number, it is an
indication that the pipe sizes are too large and should be
reduced, thus saving materials. In such a case, the opera­
tions using Columns 5, 6,8 and 9 should again be repeated.

The total friction losses are determined and subtracted
from the pressure available to overcome pipe friction for
trial pipe size. This number is critical as it provides a guide
to whether the pipe size selected is too large and the process
should be repeated to obtain an economically designed sys­
tem.

Answer: The final figures entered in Column 5 become the
design pipe size for the respective sections. Repeating this
operation a second time using the same sketch but consider­
ing the demand for hot water, it is possible to size the hot
water distribution piping. This has been worked up as a part
ofthe overall problem in the tabular arrangement used forsiz­
ing the service and water distribution piping. Note that con­
sideration must be given to the pressure losses from the street
main to the water heater (Section A-B) in determining the hot
water pipe sizes.

TABLE E.2

FRICTION LOSS EQUIVALENT LENGTH (feet)

PIPE SECTIONS Cold Water Hot Water

A-B 0.69 x 3.2 =2.21 0.69 x 3.2 =2.21

B-C 0.085 x 3.1 =0.26 0.16 x 1.4 =0.22

C-D 0.20 x 1.9 =0.38 0.17 x 3.2 =0.54

D-E 1.62 x 1.9 =3.08 1.57 x 3.2 =5.02

Total pipe friction losses
5.93 7.99

(Line K)
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HOT WATER
COLD WATER
M =METER
BFP =BACKFLOW PREVENTER

~ = 90 DEGREE ELBOW
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~---------------+I
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77 gpm

FLOOR 1
...-:

264 fu, ------I.... LL
104.5 gpm «>288 fu, 108 gpm

A
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For SI: 1 foot = 304.8 mm, 1 gpm =3.785 LIm.

FIGURE E1 03.3(1)
EXAMPLE-SIZING
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TABLE E1 03.3(1)
RECOMMENDED TABULAR ARRANGEMENT FOR USE IN SOLVING PIPE SIZING PROBLEMS

APPENDIX E

COLUMN 1 2 3 4 5 6 7 8 9 10

Total Friction Friction Excess
Lb Equivalent equivalent loss per loss In pressure
per Gal. per Length Trial length of length 100 feet equivalent over

square min of p!pe fittings col.4and of trial length col. friction
inch through section size and valves col. 6 (100 size pipe 8 x col. 7 losses

Line Description (psi) section (feet) (inches) (feet) feet) (psi) (psi) (psi)

A Service and Minimum pressure available at main .. 55.00
B cold water Highest pressure required at a fixture

distribution (Table 604.3) ..................... 15.00
C pipinga

Meter loss 2" meter ................ 11.00
D Tap in main loss 2" tap (Table E103A) . 1.61
E Static head loss 21 x 43 psi. .......... 9.03
F Special fixture loss backflow

preventer .......................9.00
G Special fixture loss----'-Filter ........... 0.00
H Special fixture loss-Other........... 0.00
I Total overall losses and requirements

(Sum of Lines B through H) ....... 45.64
J Pressure available to overcome

pipe friction
(Line A minus Lines B to H) ....... 9.36

FU
AB ........... ·...... 288 108.0 54 21/ 2 15.00 0.69 3.2 2.21 -

DESIGNATION BC ................. 264 104.5 8 21/ 2 0.5 0.85 3.1 0.26 -
Pipe section (from diagram) CD ................. 132 77.0 13 21/ 2 7.00 0.20 1.9 0.38 -
Cold water

CFb................. 132 77.0 150 21/ 2 12.00 1.62 1.9 3.08
Distribution piping

-

DEb................. 132 77.0 150 21/ 2 12.00 1.62 1.9 3.08 -

K Total pipe friction losses (cold) - - - - - - 5.93 -
L Difference (Line J minus Line K) - - - - - - - 3.43

Pipe section (from diagram)
A'B' ................ 288 108.0 54 21/ 2 12.00 0.69 3.3 2.21 -

Diagram B'C' ................. 24 38.0 8 2 7.5 0.16 1.4 0.22 -
Hot water C'D' ................. 12 28.6 13 11/ 2 4.0 0.17 3.2 0.54 -
Distribution C'F' b ................ 12 28.6 150 11/ 2 7.00 1.57 3.2 5.02 -
Piping D'E'b................. 12 28.6 150 1Y2 7.00 1.57 3.2 5.02 -

K Total pipe friction losses (hot) - - - - - - 7.99 -
L Difference (Line J minus Line K) - - - - - - - 1.37

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 psi = 6.895kPa, 1 gpm = 3.785 LIm.
a. To be considered as pressure gain for fixtures below main (to consider separately, omit from "I" and add to "J").
b. To consider separately, in K use C-F only if greater loss than above.
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TABLE E103.3(2)
LOAD VALUES ASSIGNED TO FIXTURESB

TYPE OF SUPPLY
LOAD VALUES, IN WATER SUPPLY FIXTURE UNITS (wsfu)

FIXTURE OCCUPANCY CONTROL Cold Hot Total

Bathroom group Private Flush tank 2.7 1.5 3.6

Bathroom group Private Flush valve 6.0 3.0 8.0

Bathtub Private Faucet 1.0 1.0 1.4

Bathtub Public Faucet 3.0 3.0 4.0

Bidet Private Faucet 1.5 1.5 2.0

Combination fixture Private Faucet 2.25 2.25 3.0

Dishwashing machine Private Automatic - 1.4 1.4

Drinking fountain Offices, etc. 3/g" valve 0.25 - 0.25

Kitchen sink Private Faucet 1.0 1.0 1.4

Kitchen sink Hotel, restaurant Faucet 3.0 3.0 4.0

Laundry trays (1 to 3) Private Faucet 1.0 1.0 1.4

Lavatory Private Faucet 0.5 0.5 0.7

Lavatory Public Faucet 1.5 1.5 2.0

Service sink Offices, etc. Faucet 2.25 2.25 3.0

Showerhead Public Mixing valve 3.0 3.0 4.0

Showerhead Private Mixing valve 1.0 1.0 1.4

Urinal Public 1" flush valve 10.0 - 10.0

Urinal Public 3/t flush valve 5.0 - 5.0

Urinal Public Flush tank 3.0 - 3.0

Washing machine (8 lb) Private Automatic 1.0 1.0 1.4

Washing machine (8 lb) Public Automatic 2.25 2.25 3.0

Washing machine (l5Ib) Public Automatic 3.0 3.0 4.0

Water closet Private Flush valve 6.0 - 6.0

Water closet Private Flush tank 2.2 - 2.2

Water closet Public Flush valve 10.0 - 10.0

Water closet Public Flush tank 5.0 - 5.0

Water closet Public or private Flushometer tank 2.0 - 2.0

For SI: 1 inch =25.4 mm, 1 pound =0.454 kg.
a. For fixtures not listed, loads should be assumed by comparing the fixture to one listed using water in similar quantities and at similar rates. The assigned loads for

fixtures with both hot and cold water supplies are given for separate hot and cold water loads and for total load. The separate hot and cold water loads being
three-fourths of the total load for the fixture in each case.
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TABLE E103.3(3)
TABLE FOR ESTIMATING DEMAND

APPENDIX E

SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSH TANKS SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSH VALVES

Load Demand Load Demand

(Water supply fixture units) (Gallons per minute) (Cubic feet per minute) (Water supply fixture units) (Gallons per minute) (Cubic feet per minute)

1 3.0 0.04104 - - -

2 5.0 0.0684 - - -

3 6.5 0.86892 - - -

4 8.0 1.06944 - - -

5 9.4 1.256592 5 15.0 2.0052

6 10.7 1.430376 6 17.4 2.326032

7 11.8 1.577424 7 19.8 2.646364

8 12.8 1.711104 8 22.2 2.967696

9 13.7 1.831416 9 24.6 3.288528

10 14.6 1.951728 10 27.0 3.60936

11 15.4 2.058672 11 27.8 3.716304

12 16.0 2.13888 12 28.6 3.823248

13 16.5 2.20572 13 29.4 3.930192

14 17.0 2.27256 14 30.2 4.037136

15 17.5 2.3394 15 31.0 4.14408

16 18.0 2.90624 16 31.8 4.241024

17 18.4 2.459712 17. 32.6 4.357968

18 18.8 2.513184 18 33.4 4.464912

19 19.2 2.566656 19 34.2 4.571856

20 19.6 2.620128 20 35.0 4.6788

25 21.5 2.87412 25 38.0 5.07984

30 23.3 3.114744 30 42.0 5.61356

35 24.9 3.328632 35 44.0 5.88192

40 26.3 3.515784 40 46.0 6.14928

45 27.7 3.702936 45 48.0 6.41664

50 29.1 3.890088 50 50.0 6.684

60 32.0 4.27776 60 54.0 7.21872

70 35.0 4.6788 70 58.0 7.75344

80 38.0 5.07984 80 61.2 8.181216

90 41.0 5.48088 90 64.3 8.595624

100 43.5 5.81508 100 67.5 9.0234

120 48.0 6.41664 120 73.0 9.75864

140 52.5 7.0182 140 77.0 10.29336

160 57.0 7.61976 160 81.0 10.82808

180 61.0 8.15448 180 85.5 11.42964

200 65.0 8.6892 200 90.0 12.0312

225 70.0 9.3576 225 95.5 12.76644

250 75.0 10.026 250 101.0 13.50168

(continued)

2006 INTERNATIONAL PLUMBING CODE@ 125



APPENDIX E

TABLE E103.3(3)-continued
TABLE FOR ESTIMATING DEMAND

SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSH TANKS SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSH VALVES

Load Demand Load Demand

(Water supply fixture units) (Gallons per minute) (Cubic feet per minute) (Water supply fixture units) (Gallons per minute) (Cubic feet per minute)

275 80.0 10.6944 275 104.5 13.96956

300 85.0 11.3628 300 108.0 14.43744

400 105.0 14.0364 400 127.0 16.97736'

500 124.0 16.57632 500 143.0 19.11624

750 170.0 22.7256 750 177.0 23.66136

1,000 208.0 27.80544 1,000 208.0 27.80544

1,250 239.0 31.94952 1,250 239.0 31.94952

1,500 269.0 35.95992 1,500 269.0 35.95992

1,750 297.0 39.70296 1,750 297.0 39.70296

2,000 325.0 43.446 2,000 325.0 43.446

2,500 380.0 50.7984 2,500 380.0 50.7984

3,000 433.0 57.88344 3,000 433.0 57.88344

4,000 535.0 70.182 4,000 525.0 70.182

5,000 593.0 79.27224 5,000 593.0 79.27224

TABLE E103.3(4)
LOSS OF PRESSURE THROUGH TAPS AND TEES IN POUNDS PER SQUARE INCH (psi)

SIZE OF TAP OR TEE (inches) ~ ".
,.

GALLONS PER MINUTE 5/8 % 1 11/ 4 ' 11
/ 2 2 3

10 1.35 0.64 0.18 0.08 - - -

20 5.38 2.54 0.77 0.31 0.14 - -

30 12.10 5.72 1.62 0.69 0.33 0.10 -

40 - 10.20 3.07 1.23 0.58 0.18 -

50 - 15.90 4.49 1.92 0.91 0.28 -

60 - - 6.46 2.76 1.31 0.40 -

70 - - 8.79 3.76 1.78 0.55 0.10

80 - - 11.50 4.90 2.32 0.72 0.13

90 - - 14.50 6.21 2.94 0.91 0.16

100 - - 17.94 7.67 3.63 1.12 0.21

120 - - 25.80 11.00 5.23 1.61 0.30

140 - - 35.20 15.00 7.12 2.20 0.41

150 - - - 17.20 8.16 2.52 0.47

160 - - - 19.60 9.30 2.92 0.54

180 - - - 24.80 11.80 3.62 0.68

200 - - - 30.70 14.50 4.48 0.84

225 - - - 38.80 18.40 5.60 1.06

250 - - - 47.90 22.70 7.00 1.31

275 - - - - 27.40 7.70 1.59

300 - - - - 32.60 10.10 1.88

For SI: 1 inch =25.4 mID, 1 pound per square inch =6.895 kpa, 1 gallon per minute =3.785 LIm.
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TABLE E103.3(5)
ALLOWANCE IN EQUIVALENT LENGTHS OF PIPE FOR FRICTION LOSS IN VALVES AND THREADED FITTINGS (feet)

PIPE SIZE (inches)
,"" .'

FITTING OR VALVE 1/
2

3/
4 1 11

/ 4 11
/2 2 21

/ 2 3

45-degree elbow 1.2 1.5 1.8 2.4 3.0 4.0 5.0 6.0

90-degree elbow 2.0 2.5 3.0 4.0 5.0 7.0 8.0 10.0

Tee, run 0.6 0.8 0.9 1.2 1.5 2.0 2.5 3.0

Tee, branch 3.0 4.0 5.0 6.0 7.0 10.0 12.0 15.0

Gate valve 0.4 0.5 0.6 0.8 1.0 1.3 1.6 2.0

Balancing valve 0.8 1.1 1.5 1.9 2.2 3.0 3.7 4.5

Plug-type cock 0.8 1.1 1.5 1.9 2.2 3.0 3.7 4.5

Check valve, swing 5.6 8.4 11.2 14.0 16.8 22.4 28.0 33.6

Globe valve 15.0 20.0 25.0 35.0 45.0 55.0 65.0 80.0

Angle valve 8.0 12.0 15.0 18.0 22.0 28.0 34.0 40.0

For 51: 1 inch =25.4 mID, 1 foot =304.8 mID, 1 degree =0.0175 rad.

TABLE E103.3(6)
PRESSURE LOSS IN FITTINGS AND VALVES EXPRESSED AS EQUIVALENT LENGTH OF TUBEs (feet)

FITTINGS VALVES

NOMINAL OR Standard Ell gO-Degree Tee
STANDARD SIZE

(inches) gO Degree 45 Degree Side Branch Straight Run Coupling Ball Gate Butterfly Check

% 0.5 - 1.5 - - - - - 1.5-
liz 1 0.5 2 - - - - - 2

5/
S 1.5 0.5 2 - - - - 2.5

3/
4 2 0.5 3 - - - - - 3

1 2.5 1 4.5 - - 0.5 - - 4.5

11/4 ·3 1 5.5 0.5 0.5 0.5 - - 5.5

11/z 4 1.5 7 0.5 0.5 0.5 - - 6.5

2 5.5 2 9 0.5 0.5 0.5 0.5 7.5 9

21/z 7 2.5 12 0.5 0.5 - 1 10 11.5

3 9 3.5 15 1 1 - 1.5 15.5 14.5

31/z 9 3.5 14 1 1 - 2 - 12.5

4 12.5 5 21 1 1 - 2 16 18.5

5 16 6 27 1.5 1.5 - 3 11.5 23.5

6 19 7 34 2 2 - 3.5 13.5 26.5

8 29 11 50 3 3 - 5 12.5 39

For 51: 1 inch =25.4 mID, 1 foot =304.8 mID, 1 degree =0.01745 rad.
a.. Allowances are for streamlined soldered fittings and recessed threaded fittings. For threaded fittings, double the allowances shown in the table. The equivalent

lengths presented above are based on a C factor of 150 in the Hazen-Williams friction loss formula. The lengths shown are rounded to the nearest half-foot.
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PRESSURE DROP PER 100 FEET OF TUBE, POUNDS PER SQUARE INCH

Note: Fluid velocities in excess of 5 to 8 feet/second are not usually recommended.

FIGURE E103.3(2)
FRICTION LOSS IN SMOOTH PIPEa (TYPE K, ASTM B 88 COPPER TUBING)

For SI: I inch = 25.4 mm, I foot = 304.8 mm, I gpm = 3.785 LIm, I psi = 6.895 kPa,
I foot per second = 0.305 mls.

a. This chart applies to smooth new copper tubing with recessed (streainline) soldered joints and to the actual sizes of types indicated on the diagram.
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PRESSURE DROP PER 100 FEET OF fUSE; POUNDS PER SQUARE INCH

Note: Fluid velodties in excess of 5 to 8 feet/second are not usually recommended.

FIGURE E103.3(3)
FRICTION LOSS IN SMOOTH PIPE8 (TYPE L, ASTM B 88 COPPER TUBING)

-For 51: 1 inch = 25.4 nun, 1 foot = 304.8 nun, 1gpm = 3.785 LIm, 1 psi = 6.895 kPa,
- 1 foot per second =0.305 mls..

a. This chart applies to smooth new copper tubing with recessed (streamline) soldered joints and to the actual sizes of types indicated on the diagram.
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Note: Fluid velodties in excesS of 5 to 8 feeVsecond are not usually recommended.

FIGURE E103.3(4)
FRICTION LOSS IN SMOOTH PIPEa (TYPE M, ASTM B 88 COPPER TUBING)

For SI: 1 inch =25.4 nun, 1 foot =304.8 nun, 1gpm =3.785 Lim, 1 psi =6.895 kPa,
1 foot per second = 0.305 mls.

a. This chart applies to smooth new copper tubing with recessed (streamline) soldered joints and to the actual sizes of types indicated on the diagram.
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FRICTION LOSS POUNDS PER SQUARE INCH HEAD PER 100 FEET LENGTH
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FIGURE E103.3(5)
FRICTION LOSS IN FAIRLY SMOOTH' PIPElt

-Por 51: 1 inch =25.4 mm, 1 foot =304.8 mm, 1gpm =3.785 Lim, 1 psi =6.895 kPa,
• 1 foot per second =0.305 mls.

a. This chart applies to smooth new steel (fairly smooth) pipe and to actual diameters of standard-weight pipe.
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FRICTION LOSS POUNDS PER SQUARE INCH HEAD PER 100 FEET LENGTH
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FIGURE E103.3(6)
FRICTION LOSS IN FAIRLY ROUGH PIPE8

For SI: 1 inch =25.4 rom, 1 foot =304.8 rom, 1 gpm =3.785 LIm, 1 psi =6.895 kPa,
1 foot per second = 0.305 m/s.

a. This chart applies to fairly rough pipe and to actual diameters which in general will be less than the actual diameters of t:Jr new pipe of the same kind.
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FIGURE E1'03.3(7)
FRICTION LOSS IN FAIRLY ROUGH PIPEs

~or SI: 1 inch =25.4 mm, 1 foot =304.8 mm, 1gpm =3.785 Lim, 1 psi =6.895 kPa,
.. 1 foot per second =0.305 m/s.

a. This chart applies to very rough pipe and existing pipe and to their actual diameters.
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SECTION E201
SELECTION OF PIPE SIZE

E 201.1 Size of water-service mains, branch mains and ris­
ers. The minimum size water service pipe shall be 314 inch (19.1
mm). The size of water service mains, branch mains and risers
shall be determined according to water supply demand [gpm
(LIm)], available water pressure [psi (kPa)] and friction loss
due to the water meter and developed length of pipe [feet (m)],
including .equivalent length of fittings. The size of each water
distribution system shall be determined according to the proce­
dure outlined in this section or by other design methods con­
forming to acceptable engineering practice and approved by
the code official:

1. Supply load in the building water-distribution system
shall be determined by total load on the pipe being sized,
in terms of water-supply fixture units (w.sJ.u.), as
shown in Table E103.3(2). For fixtures not listed, choose
a w.s.f.u. value of a fixture with similar flow characteris­
tics.

2. Obtain the minimum daily static service pressure [psi
(kPa)] available (as determined by the local water
authority) at the water meter or other source of supply at
the installation location. Adjust this minimum daily
static pressure [psi (kPa)] for the following conditions:

2.1. Determine the difference in elevation between
the source of supply and the highest water supply
outlet. Where the highest water supply outlet is
located above the source of supply, deduct 0.5 psi
(3.4 kPa) for each foot (0.3 m) of difference in
elevation. Where the highest water supply outlet
is located below the source of supply, add 0.5 psi
(3.4 kPa) for each foot (0.3 m) of difference in
elevation.

2.2. Where a water pressure reducing valve is
installed in the water distribution system, the
minimum daily static water pressure available is
80 percent of the minimum daily static water
pressure at the source of supply or the set pres­
sure downstream of the pressure reducing valve,
whichever is smaller.

2.3. Deduct all pressure losses due to special equip­
ment such as a backfIow preventer, water filter
and water softener. Pressure loss data for each
piece of equipment shall be obtained through the
manufacturer of such devices.

134

2.4. Deduct the pressure in excess of 8 psi (55 kPa) -
due to installation of the special plumbing fix- •

. ture, such as temperature controlled shower and
flushometer tank water closet.· . .

Using the resulting minimum available pres­
sure, find the corresponding pressure range in
Table E201.1.

3. The maximum developed length for water piping is the
actual length of pipe between the source of supply and
the most remote fixture, including either hot (thi-ough the
water heater) or cold water branches multiplied by: a
factor of 1.2 to compensate for pressure loss through fit­
tings.

Select the appropriate column iil Table E201.1 equal
to or greater dian the calculated maximum developed
length.

4. To determine· the size of water service pipe, meter and
main distribution pipe to the building using the appropri­
ate table, follow down the selected "maximum devel­
oped length" column to a fixt~re unit equal to, or greater
than the total installation demand calculated by using the
"combined" water supply fixture unit column of Table
E201.1. Read the water service pipe and meter sizes in
the first left-hand column and the main distribution pipe
to the building in the second left-hand column on the
same row.

5. To determine the size of each water distribution pipe, e
start at the most remote outlet on each branch (either hot
or cold branch) and, working back toward the main dis-
tribution pipe to the building, add up the water supply
fixture unit demand passing through each segment of the
distribution system using the related hot or cold column
of Table E201.1. Knowing demand, the size of each seg-
ment shall be read from the second left-hand column of
the same table and maximum developed length column
selected in Steps I and 2, under the same or next smaller
size meter row. In no case does the size of any branch or
main need to be larger that the size of the main distribu-
tion pipe to the building established in Step 4.
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TABLE E201.1
MINIMUM SIZE OF WATER METERS, MAINS AND DISTRIBUTION PIPING

BASED ON WATER SUPPLY FIXTURE UNIT VALUES (w.s.f.u.)

APPENDIX E

METER AND SERVICE PIPE DISTRIBUTION PIPE
(inches) (inches) MAXIMUM DEVELOPMENT LENGTH (feet)

Pressure Range 30 to 39 psi 40 60 80 100 150 200 250 300 400 500

3/4 1/
2

a 2.5 2 1.5 1.5 1 1 0.5 0.5 0 0

3/4 3/4 9.5 7.5 6 5.5 4 3.5 3 2.5 2 1.5

3/4 1 32 25 20 16.5 11 9 7.8 6.5 5.5 4.5

1 1 32 32 27 21 13.5 10 8 7 5.5 5

3/4 11/ 4 32 32 32 32 30 24 20 17 13 10.5

1 11/ 4 80 80 70 61 45 34 27 22 16 12

11/ 2 11/ 4 80 80 80 75 54 40 31 25 17.5 13

1 11/ 2 87 87 87 87 84 73 64 56 45 36

11/ 2 11/ 2 151 151 151 151 117 92 79 69 54 43

2 11/ 2 151 151 151 151 128 99 83 72 56 45

1 2 87 87 87 87 .87 87 87 87 87 86

11/ 2 2 275 275 275 275 ,258 223 196 174 144 122

2 2 365. 365 365 365 318 266 229 201 160 134

21/2
.',

2 533 533 533 533 533 495 448 409 353 311

METER AND SERVICE PIPE DISTRIBUTION PIPE
(inches) (inches) MAXIMUM DEVELOPMENT LENGTH (feet)

Pressure Range 40 to 49 psi 40 ,60 80 100 150 200 250 300 400 500

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

3/4 3/4 9.5 9.5 8.5 7 5.5 4.5 3.5 3 2.5 2

3/4 1 32 32 32 26 18 13.5 10.5 9 7.5 6

1 1 32 32 32 32 21 15 ll.5 9.5 7.5 6.5

3/4 11/4 32 32 32 32 32 32 32 27 21 16.5

1 11/ 4 80 80 80 80 65 52 42 35 26 20

11/ 2 11/4 80 80 80 80 75 59 48 39 28 21

1 11/ 2 87 87 87 87 87 87 87 78 65 55

11/ 2 11/ 2 151 151 151 151 151 130 109 93 75 63

2 11/ 2 151 151 151 151 151 139 115 98 77 64

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

11/ 2
,2 - 275 275 275 275 275 275 264 238 198 169

2 2 365 365 365 365 365 349 304 270 220 185

2 21/ 2 533 533 533 533 533 533 533 528 456 403

(continued)
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TABLE E201.1-eontinued
MINIMUM SIZE OF WATER METERS, MAINS AND DISTRIBUTION PIPING

BASED ON WATER SUPPLY FIXTURE UNIT VALUES (w.s.f.u.)

METER AND SERVICE PIPE DISTRIBUTION PIPE
(inches) (inches) MAXIMUM DEVELOPMENT LENGTH (feet)

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

3/
4

1/
2
a 3 3 2.5 2 1.5 1 1 1 0.5 0.5

3/
4 3/

4 9.5 9.5 9.5 8.5 6.5 5 4.5 4 3 2.5

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

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

3/
4 11/ 4 32 32 32 32 32 32 32 32 29 24

1 11/ 4 80 80 80 80 80 68 57 48 35 28

11/ 2 11/4 80 80 80 80 80 75 63 53 39 29

1 11/ 2 87 87 87 87 87 87 87 87 82 70

11/ 2 11/ 2 151 151 151 151 151 151 139 120 94 79

2 11/ 2 151 151 151 151 151 151 146 . 126 97 81

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

11/ 2 2 275 275 275 275 275 275 275 275 247 213

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

2 21/ 2 533 533 533 533 533 533 533 533 353 486

METER AND SERVICE PIPE DISTRIBUTION PIPE
(inches) (inches) MAXIMUM DEVELOPMENT LENGTH (feet)

Pressure Range Over 60 40 60 80 100 150 200 250 300 400 500

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

3/
4

3/
4 9.5 9.5 9.5 9.5 7.5 6 5 4.5 3.5 3

3/4 1 32 32 32 32 32 24 19.5 15.5 11.5 9.5

1 1 32 32 32 32 32 28 28 17 ' 12 9.5

3/
4 11/4 32 32 32 32 32 32 32 32 32 30

1 11/ 4 80 80 80 80 80 80 69 60 46 36

11/ 2 11/4 80 80 80 80 80 80 76 65 50 38

1 11/ 2 87 87 87 87 87 87 87 87 87 84

11/ 2 11/ 2 151 151 151 151 151 151 151 144 114 94

2 11/ 2 151 151 151 151 151 151 151 151 118 97

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

11/ 2 2 275 275 275 275 275 275 275 275 275 252

2 2 365 368 368 368 368 368 368 368 318 273

2 21/ 2 533 533 533 533 533 533 533 ' 533 533 533

For SI: 1 inch =25.4, 1 foot =304.8 nun.
a. Minimum size for building supply is 3/4-inch pipe.
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APPENDIX F

STRUCTURAL SAFETY

SECTION F101
CUTTING, NOTCHING AND

BORING IN WOOD MEMBERS

[B] FIOI.I Joist notching. Notches on the ends of joists shall
not exceed one-fourth the joist depth. Holes bored in joists
shall not be within 2 inches (51 mm) of the top or bottom of the
joist, and the diameter of any such hole shall not exceed
one-third the depth of the joist. Notches in the top or bottom of
joists shall not exceed one sixth the depth and shall not be
located in the middle third of the span.

[B] FIOI.2 Stud cutting and notching. In exterior walls and
bearing partitions, any wood stud is permitted to be cut or
notched to a depth not exceeding 25 percent of its width. Cut­
ting or notching of studs to a depth not greater than 40 percent
of the width of the stud is permitted in nonbearing partitions
supporting no loads other than the weight of the partition.

[B] FIOI.3 Bored holes. A hole not greater in diameter than 40
per-cent of the stud width is permitted to be bored in any wood
stud. Bored holes not greater than 60 percent ofthe width of the
stud is permitted in nonbearing partitions or in any wall where
each bored stud is doubled, provided not more than two such
successive doubled studs are so bored. In no case shall the edge
of the bored hole be nearer than 0.625 inch (15.9 mm) to the
edge of the stud. Bored holes shall not be located at the same
section of stud as a cut or notch.

[B] FIOI.4 Cutting, notching and boring holes in structural
steel framing. The cutting, notching and boring of holes in
structural steel framing members shall be as prescribed by the
registered design professional.

[B] FI01.5 Cutting, notching and boring holes in
cold-formed steel framing. Flanges and lips of load-bearing
cold-formed steel framing members shall not be cut or notched.
Holes in webs ofload-bearing cold-formed steel framing mem­
bers shall be permitted along the centerline of the web of the
framing member and shall not exceed the dimensionallimita­
tions, penetration spacing or minimum hole edge distance as
prescribed by the registered design professional. Cutting,
notching and boring holes of steel floor/roof decking shall be
as prescribed by the registered design professional.

[B] FI01.6 Cutting, notching and boring holes in
nonstructural cold-formed steel wall framing. Flanges and
lips of nonstructural cold-formed steel wall studs shall not be
cut or notched. Holes in webs of nonstructural cold-fonned
steel wall studs shall be permitted along the centerline of the
web of the framing member, shall not exceed 1.5 inches (38
mm) in width or 4 inches (102 mm) in length, and the holes
shall not be spaced less than 24 inches (610 mm) center to cen­
ter from another hole or less than 10 inches (254 mm) from the
bearing end.
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APPENDIX G

VACUUM DRAINAGE SYSTEM

SECTION G101
VACUUM DRAINAGE SYSTEM

G101.1 Scope. This appendix provides general guidelines for
the requirements for vacuum drainage systems.

G101.2 General requirements.

G101.2.1 System design. Vacuum drainage systems shall
be designed in accordance with manufacturer's recommen­
dations. The system layout, including piping layout, tank
assemblies, vacuum pump assembly and other compo­
nents/designs necessary for proper function of the system
shall be per manufacturer's recommendations. Plans, speci­
fications and other data for such systems shall be submitted
to the local administrative authority for review and approval
prior to installation.

G101.2.2 Fixtures. Gravity-type fixtures used in vacuum
drainage systems shall comply with Chapter 4 of this code.

G101.2.3 Drainage fixture units. Fixture units for gravity
drainage systems which discharge into or receive discharge
from vacuum drainage systems shall be based on values in
Chapter 7 of this code.

G101.2.4 Water supply fixture units. Water supply fixture
units shall be based on values in Chapter 6 of this code with
the addition that the fixture unit of a vacuum-type water
closet shall be "1."

G101.2.5 Traps and cleanouts. Gravity-type fixtures shall
be provided with traps and cleanouts in accordance with
Chapters 7 and 10 of this code.

G101.2.6 Materials. Vacuum drainage pipe, fitting and
valve materials shall be as recommended by the vacuum
drainage system manufacturer and as permitted by this
code.

G101.3 Testing and demonstrations. After completion of the
entire system installation, the system shall be subjected to a
vacuum test of 19 inches (483 mm) of mercury and shall be .
operated to function as required by the administrative authority
and the manufacturer. Recorded proof ofall tests shall be sub­
mitted to the administrative authority.

G101.4 .Written instructions. Written instructions for the
operations, maintenance, safety and emergency procedures
shall be provided by the building owner as verified by the
administrative authority.
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AIR GAP
Definition 202
Method of providing 608.15.1, 802.2.1
Required 608.15.1, 802.1, 802.1.1, 802.1.2

802.1.3, 802.1.4, 802.1.5, 802.1.6, 802.1.7
AIR TEST 312.3,312.5,312.7
ALTERATIONS AND REPAIRS 102.4
ALTERNATIVE MATERIALS AND EQUIPMENT. 105.2
APPROVED

Definition 202
ASBESTOS-CEMENT PIPE

Where permitted Table 702.2, Table 702.3
ATMOSPHERIC VACUUM BREAKER ... Table 608.1,

608.13.6, 608.15.4,
608.15.4.1, 608.16.5

AUTOMATIC CLOTHES WASHER 406

B
BACKFILLING 306.3
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BACKFLOW PREVENTER
Definition 202
Required 608.1
Standards Table 608.1

BACKFLOW PROTECTION 608.1
BACKWATER VALVES

Where required 715
BALL COCK (see FILL VALVE)
BAROMETRIC LOOP 608.13.4
BATHTUBS 407
BEDPAN STEAMERS ' 202
BEDPAN WASHERS 202
BIDETS 408
BOOSTER SYSTEM 606.5
BOTTLING ESTABLISHMENT 1003.7
BRASS PIPE

Where permitted Table 605.3, Table 605.4,
Table 605.8, Table 702.1

BUILDING DRAIN
Branches of Table 710.1 (2)
Definition 202
Material Table 702.1, Table 702.2
Sizing Table 710.1 (1)

BUILDING DRAINAGE SYSTEMS
Below sewer level 712.1

BUILDING SEWER
Definition 202
Material. Table 702.3
Sizing Table 710.1 (1)

BUILDING SYSTEMS
Connection to public water and sewer 701.2

BUILDING TRAPS 1002.6

c
CAST-IRON PIPE

Materials Table 702.1, Table 702.2,
Table 702.3, Table 702.4

CAULKING FERRULES 705.18
CHANGE IN DIRECTION OF DRAINAGE

PIPING Table 706.3
CHEMICAL WASTE

Exclusion from the sewer 803.3
Neutralizing 803.2
Requirements 702.5

CHLORINATED POLYVINYL/PIPE OR TUBING
Where permitted Table 605.3, Table 605.4
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CIRCUIT VENT 911
CLAY PIPE Table 702.3
CLEANOUTS

Base of stack 708.3.4
Building drain 708.3.1, 708.3.5
Change of direction 708.3.3
Clearances 708.8
Definition 202
Direction of flow 708.5
Horizontal drains 708.3.1
Location of 708.3
Manholes 708.3.6
Plugs, materials for 708.2
Prohibited installation of 708.6
Sewers 708.3.2
Size 708.7,708.8

CODE OFFICIAL
Application for permit. 106.3
Appointment. 103.2
Definition 202
Department records 104.8
Duties and powers 104
General 104.1
Identification 104.6
Inspections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

COMBINATION DRAIN AND VENT SYSTEM 912
COMBINED DRAIN 202
COMMON VENT 202, 908
CONCRETE PIPE

Where permitted Table 702.3
CONDUCTOR ' 202
CONNECTION TO PLUMBING SYSTEM

REQUIRED 701.2
CONNECTIONS TO SUMPS AND EJECTORS

Below sewer level 712.1
CONSERVATION

Fixtures 604.4
Flow rates Table 604.3
Insulation 505,607.2.1

CONSTRUCTION DOCUMENTS 106.3.1
CONTROLLED FLOW STORM DRAINAGE 1110
COPPER OR COPPER-ALLOY PIPE OR TUBING

Where permitted Table 605.3, Table 605.4
CROSS CONNECTIONS 608
CUTTING OR NOTCHING, STRUCTURAL

MEMBERS 307.2, Appendix F

D
DEAD ENDS IN DRAINAGE SYSTEM 704.5
DESIGN PROFESSIONAL 105.4.2, 105.4.3,

105.4.4, 105.4.5, 107.2.2, 109.2
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DETRIMENTAL WASTES .. , . " " , . , · . ",' " 302 tit
DISHWASHING MACHINE ' ' 409
DISINFECTION OF POTABLE WATER SYSTEM.. 610, .

DISTANCE OF TRAP FROM VENT . ',' ... Table 906.1
DISTRIBUTION SYSTEM (See WATER)
DRAIN

Roof ' 1105
Storm 1106

DRAINAGE FIXTURE UNITS
Definition, fixture unit 202
Values for continuous flow 709.3
Values for fixtures Table 709.1

DRAINAGE SYSTEM
Connection to sewer or private

disposal system 701.2
Dead ends : ' 704.5
Determining load and size ~ 710.1
Fixture units Table 709.1
Indirect waste 802
Joints ; 705
Materials 102
Material detrimental to 302
Offset sizing ; .711
Provisions for future fixtures 710.2 _
Sizing Table 710.1 (1), Table 710.1 (2) •
Slope of piping Table 704.1
Sumps and ejectors 712
Testing ~312

DRINKING FOUNTAINS , 410

E
EJECTORS : , 712
EMPLOYEE FACILITIES 403.4
EXISTING BUILDING PLUMBING SYSTEMS 102.2

F
FACILITIES 403
FAUCETS 424
FEES 106.6
FERRULES : 705.18
FILL VALVE 425.3.1
FITTINGS

Drainage system ' .' 706
Material standards ' 605.5, Table 605.5,

702.4, Table 702.4
FIXTURE FITTINGS " : 424
FIXTURE TRAPS 1002 _

Acid-resisting 1002.9 •
Building 1002.6
Design of 1002.2
For each fixture 1002.1
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Prohibited 1002.3
Seals 1002.4
Setting and protection ~ " 1002.7
Size ' - 1002.5

FIXTURE UNITS
Definition 202
Values for continuous flow 709.3
Values for fixtures 709.1, Table 709.1

FIXTURES (See PLUMBING FIXTURES)
FLOOD LEVEL RIM 202
FLOOD-RESISTANT CONSTRUCTION

Design flood elevation 202
Flood hazard area ; , 202
Flood hazard resistance 309

FLOOR DRAINS 412, Table 709.1
FLOOR DRAINS, EMERGENCY 202
FLOOR FLANGES 405.4.1, 405.4.2
FLOW RATES ' ' 604.3, Table 604.3

Table 604.4, 604.10
FLUSHING DEVICES

Flush tanks 425.2, 425.3, 604.3, 604.5
'; Flushometer tanks 425.3, 604.3, 604.5
Flushometer valves 425.3, 604.3
Required '.' 425

FOOD HANDLING DRAINAGE 802.1.1
FOOD WASTE GRINDER - 413
FREEZING, PROTECTION OF PIPES 305.6
FROST CLOSURE 904.2
FUTURE FIXTURES 704.4

G
GALVANIZED STEEL PIPE Table 605.3,

. Table 605.4, 605.18
GARBAGE CAN WASHERS ' 414
GARBAGE DiSPOSALS 413
GENERAL REGULATIONS 301

Conflicts ' 301.7
Connection to plumbing system 301.3
Connection to public water and sewer .. 301.3, 301.4
Elevator machinery rooms 301.6
Health and safety... 108.7,108.7.1,108.7.2,108.7.3
Materials detrimental 302, 302.1, 302.2
Piping measurements '.' 301.5
Protection of pipes 305
Rodentproofing 304, 304.1, 304.2, 304.3, 304.4
Sleeves 305.4
Strains and stresses in pipe 308
Toilet facilities for workers 311
Trenching, excavation and backfill 306
Washroom requirements .. , 310
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GREASE INTERCEPTORS AND TRAPS 202, 1003
Approval 1003.3.4
Capacity Table 1003.3.4.1 ,

1003.4.2.1, 1003.4.2.2
In commercial buildings 1003.5
Not required 1003.3.3
Required 1003.1

GUTTERS 1106.6, Table 1106.6

H
HANGERS AND SUPPORTS

Attachment to buildings 308.4
Base of stacks 308.9
Definitions ; .. 202
Material 308.3
Seismic 308.2
Spacing Table 308.5

HEALTH AND SAFETY 101.3
HEALTH CARE PLUMBING 422, 609, 713
HEAT EXCHANGER PROTECTION 608.16.3
HORIZONTAL

Slope for drainage pipe 704.1
HOSPITAL PLUMBING FIXTURES 422

Clinical sinks 422.6
Height of special controls 422.10
Sterilizer equipment. 422.9

HOT WATER
Definition 202
Flow of hot water to fixtures 607.4
Heaters and tanks Chapter 5
Recirculating pump 607.2.3
Supply system 607

HOUSE TRAP 1002.6

I
INDIRECT WASTE 802

Air gap or break 802.2.1, 802.2.2
Food handling establishment 802.1.1
Receptors 802.3
Special wastes 803
Waste water temperature 803.1
Where required 802.1

INDIVIDUAL VENT 907
INSPECTION 107.1

Final 107.1
Reinspection 107.3.3
Required 107.3
Rough-in 107.1
Scheduling of 107.1
Testing 107.3
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INSPECTOR (See CODE OFFICIAL)

INSULATION 505, 607.2.1

INTERCEPTORS AND SEPARATORS 1003

Access to 1003.10

Approval of 1003.2, 1003.4

Bottling establishments ' 1003.7

Capacity of grease interceptors Table 1003.3.4.1

. Definition 202

Laundries 1003.6

Not required 1003.3.3

Oil and flammable liquids separators 1003.4

Rate of flow control for grease interceptors.. 1003.3.4.2

Required 1003.1

Slaughterhouses ; 1003.8

Venting '.' 905.4, 1003.9

IRRIGATION, LAWN ~ 608.16.5

ISLAND FIXTURE VENT 913

J
JOINTS AND CONNECTIONS 605, 705

ABS plastic pipe 605.10, 705.2

.Asbestos-cement pipe 605.11, 705.3

Between different materials 605.23, 705.4, 705.16

. Brass pipe 605.12, 705.4

Brazed joints 605.12.1, 605.14.1,
605.15.1, 705.9.1, .705.10.1

.' .Cast-iron pipe 705.5

Caulked joint ; 705.5.l, 705:11.1

Concrete pipe 705.6
Copper or copper-alloy pipe 605.14, 705.9

Copper or copper-alloy tubing 605.15, 705.10

CPVC plastic pipe 605.16
Expansion joints ' 308.8

Galvanized steel pipe 605.18

Mechanical joints 605, 705

Polybutylene plastic pipe or tubing ; .. 605.19

Polyethylene plastic,pipe or tubing 605.20

Prohibited 605.9, 707

PVC plastic pipe 605.21, 705.14

Slip joints 405.8, 1002.2

Soldered joints 605.14.3, 605.15.4,
705.9.3, 705.10.3

Solvent cementing 605, 705

Stainless steel '.. 605.22

Threaded 605.10.3, 605.12.3, 605.14.4,
605.16.3, 605.18.1, 605.21.3, 705.2.3,

705.9.4, 705.12.1, 705.14.3

Vitrified clay pipe 705.15

Welded 605.12.4, 605.14.5, 703.4.4, 705.9.5
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'K

KITCHEN ,' 418

L
LAUNDRIES 100a.6

LAUNDRY TRAY 415
LAVATORIES 416

LEAD PIPE 202

LEADERS 1106

LIGHT AND VENTILATION REQUIREMENT 310.1
LOADING, FIXTURE UNIT VALVE .... '.... Table 709

M
MANHOLES 708.3.6
MANIFOLDS , 604.10

MATERIAL

Above-ground drainage and vent pipe .. '. Table 702.1
Alternative : : ~ . 105.2
Approval. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107.4
Building sewer pipe ..............•....... 702:3

Building storm sewer pipe ' ' .. '. 1102.4
Chemical waste system 702.5

Fittings Table 605.5, Table 702.4,
Table 1102.7

Identification 303.1

Joints ··.605,705

Roof drains 1105

Sewer pipe :' ; 702.3
Standards . . . . . . . . . . . . . . . . .: . . Chapter 13
Storm drainage pipe Table 1102.4
'Subsoil drain pipe 1102.5
Underground building drainage and vent pipe. .'702.2
Vent pipe 702.1', 702.2
Water distribution pipe Table 605.4
Water service pipe ' Table 605.3

MATERIAL, FIXTURES

Quality 402.1

Special use : 402.2

MATERIAL, SPECIAL

Caulking ferrules ~ 705.18

Cleanout plugs ' 708.2

Sheet copper 402.3
Sheet lead 402.4

Soldering bushings 705.19

MECHANICAL JOINTS 605, 795

N
NONPOTABLE WATER 608.1 , 608.8
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o
OFFSETS

Definitions 202
Drainage 711
Venting 915.1

OPENINGS
Through walls or roofs 305.5, 305.7

p

PERMIT
Application for 106.3
Conditions of 106.5
Fees 106.6
Suspension of 106.5.5

PIPING
Construction documents 105.4.4
Drainage, horizontal slope Table 704.1
Drainage piping installation 704
Drainage piping offset, size 711
Joints 605, 705

PIPING PROTECTION
Backfilling 306.3
Breakage 305.2
Corrosion. ; 305.1
Footings 305.5
Freezing 305.6
Penetration 305.5
Tunneling 306.4

PLUMBING FACILITIES 403
PLUMBING FIXTURES

Accessible 404
Automatic clothes washers 406
Bidet '.' 408
Clearances 405.3
Definition 202
Dishwashing machine 409
Drainage fixture unit values Table 709.1
Drinking fountain 410
Emergency showers 411
Eyewash stations 411
Floor sinks 427
Floor and trench drains 412
Food waste grinders 413
Future fixtures 704.4
Garbage can washer 414
Garbage disposal 413
Hospital 422
Installation 405
Joints at wall or floor 405.5
Kitchen sink 418
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INDEX

Laundry tray 415
Lavatories . . . . . . . . . . . . . 416
Minimum facilities Table 403.1
Ornamental pools 423.1
Quality 402.1
Separate facilities 403.2
Settings 405.3
Showers 417
Sinks 418
Slop sinks 418
Urinals 419
Water closets 420
Water coolers 410
Water supply protection 608

PLUMBING INSPECTOR (See CODE OFFICIAL)
PNEUMATIC EJECTORS 712
POLYBUTYLENE PIPE OR TUBING

Where permitted Table 605.3, Table 605.4
POLYETHYLENE PIPE OR TUBING

Cross-linked Table 605.3, Table 605.4
PE-AL-PE Table 605.3, Table 605.4
PEX-AL-PEX Table 605.3, Table 605.4

POTABLE WATER, PROTECTION OF 608
PRESSURE OF WATER DISTRIBUTION 604.6
PROHIBITED

Joints and connection 605.9, 707
Traps 1002.3

PROTECTION OF POTABLE WATER 608
PUMPING EQUIPMENT 712
PVC PIPE Table 605.3, Table 605.4,

Table 702.1, Table 702.2, Table 702.3

Q
QUALITY OF WATER

General 608.1

R
RAINWATER DRAINAGE Chapter 11
REDUCED PRESSURE PRINCIPLE

BACKFLOW PREVENTER
Definition 202
Periodic inspections 312.9
Standard Table 608.1 , 608.13.2, 608.16.2
Where required 608.15.2, 608.16.2,

608.16.4, 608.16.4.1, 608.16.5, 608.16.6
RELIEF VALVES 504.4, 504.5, 504.6

Definition 202
RELIEF VENT 911.4, 914, 916.2

Definition. . . . . . . . . . . . . . . . . . . . . . . . . . .... 202
ROOF DRAINS 1102.6, 1105

Definition 202
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ROUGH-IN INSPECTION 107.1

S
SANITARY SEWER (See BUILDING SEWER)
SANITARY TEES 706.3
SCREWED JOINTS (See JOINTS AND

CONNECTIONS)
SEPARATE FACILITIES 403.2
SERVICE SINKS Table 403.1, 418
SEWER (See BUILDING SEWER)
SHEET COPPER 402.3
SHEET LEAD 402.4
SHOWERS Table 403.1, 417
SILL COCK 424, 608.15.4.2
SiNKS 418
SIZING

Drainage system 710
Fixture drain 709
Fixture water supply 604.5
Vent system 916
Water distribution system 604
Water service 603.1

SLAUGHTERHOUSES 1003.8
SLEEVES 305.4
SLIP JOINTS (See JOINTS AND CONNECTIONS)
SOLDERING BUSHINGS 705.19
SOLVENT CEMENTING (See JOINTS AND

CONNECTIONS)
SPECIAL PLUMBING FIXTURES 423
SPECIAL WASTES 803
STACK VENT , 903.1
STAINLESS STEEL PIPE Table 605.4, Table 605.5
STANDARDS

Material. . . . . . . . . . . . . . . . . . . . . . . Chapter 13
STANDPIPE DRAIN 802.4
STEEL PIPE (See also MATERIAL)

Where permitted Table 605.4, Table 702.1,
Table 702.2, Table 702.3,

Table 1102.4, Table 1102.5
STERILIZER PIPE 422.9
STORM DRAINS

Building size 1106.1
Building subdrains 1112.1
Building subsoil drains 1111.1
Conductors and connections 1104
Definition 202
General 1101
Prohibited drainage 1101.3
Roof drains 1102.6, 1105
Secondary roof drains 1107
Sizing of conductors, leaders and storm drains. 1106
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Sizing of roof gutters 1106.6
Sizing of vertical conductors and leaders 1106.2
Traps " 1103
Values for continuous flow 1109
Where required " 1101.2

STRAPS (See HANGERS AND SUPPORTS)
STRUCTURAL SAFETY 307, Appendix F
SUBDRAIN BUILDING 1112.1
SUBSOIL DRAIN PIPE 1111.1
SUMP VENT 916.5
SUMPS 1113
SUPPORTS (See also PIPING PROTECTION) 308
SWIMMING POOL

Definition 202
SWIMMING POOL DRAINAGE 802.1.4

T
TEMPERATURE AND PRESSURE RELIEF

VALVE 504
TEMPERATURE OF WASTE WATER 803.1
TEST

Drainage and vent air test 312.3
Drainage and vent final test. 312.4
Drainage and vent water test 312.2
Forced sewer test 312.7
Gravity sewer test 312.6
Required tests 312.1
Test gauges 312.1.1
Test of backflow prevention devices ' 312.9
Test of conductors 312.8

THERMAL EXPANSION CONTROL 607.3
THREADED JOINTS (See JOINTS AND

CONNECTIONS)
TOILET FACILITIES FOR WORKERS 311
TOILETS (See WATER CLOSETS)
TRAPS

Acid-resisting 1002.9
Building 1002.6
Design 1002.2
Prohibited types 1002.3
Seal 1002.4
Separate for each fixture 1002.1
Size Table 709.1, Table 709.2

TRENCH DRAINS 412
TRENCHING, EXCAVATION AND BACKFILL 306
TUNNELING 306.4

U
UNDERGROUND DRAINAGE AND VENT PIPE. 702.2
URINALS 419
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V
VACUUM BREAKERS Table 608.1, 608.13.5,

608.13.6, 608.13.8, 608.15.4
VALVES

Air admittance 202, 917
Backwater 715
Definition 202
Pressure reducing 604.8
Relief 202, 504.4
Temperature-actuated flow reduction valves 424.5
Transfer valves 424.6

VENT
Individual 907
Sizing 904.2, 908.3, 910.4,

912.3,916.1,916.2
VENT RELIEF SIZE 914
VENT STACK

Definition 202, 903.2
VENTS AND VENTING

Branch vents 916.4.1
Circuit or loop 911
Combination drain , 912
Common ' 908
Definition 202
Distance from trap Table 906.1
Engineered systems 918
Island fixture 913
Stack vents 903.1
Vent stack 903.2
Vent terminal 904
Waste stack 910
Wet vent ; 909

W
WALL HUNG WATER CLOSETS 420
WASHING MACHINES 406
WASTE

Indirect 802
Special 803

WASTE STACK 910
WASTE WATER TEMPERATURE 803.1
WATER

Booster. 606.5
Cross connection 608.6
Distribution piping material Table 605.4
Excessive pressure 604.8
Hammer 604.9

WATER CLOSETS 420
WATER CONSERVATION

Fixtures 604.4
Flow rates Table 604.4
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WATER HEATERS Chapter 5
WET VENT 909
WIPED JOINTS 705.13.2
WORKERS' TOILET FACILITIES 311
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MEMBERSHIP CATEGORIES AND DUES*- ANNUAL MEMBERSHIP
Special membership structures are also available for Educational Institutions and Federal Agencies.
For more information, please visit www.iccsafe.org/membership or call l-BBB-ICC-SAFE (422-7233), x33B04.

GOVERNMENTAL MEMBERu
-

Government/Municipality (including agencies, departments or units) engaged in administration, formulation or •
enforcement of laws, regulations or ordinances relating to public health, safety and welfare. Annual member dues
(by population) are shown below. Please verify the current ICC membership status of your employer prior to applying.

Membership Application
This form may be photocopied

INTERNATIONAL
CODE COUNCIL®

People Helping People
Build a Safer World™

o Up to 50,000 $100 050,001'-150,000........ $180

Please refer to Tracking Number
66-05-274 when applying.

o 150,001 + $280

**A Governmental Member may designate 4 to 12 voting representatives (based on population) who are employees or officials of that
governmental member and are actively engaged on a full- or part-time basis in the administration, formulation or enforcement of laws,
regulations or ordinances relating to public health, safety and welfare. Number of representatives is based on population. All dues for
representatives have been included in the annual member dues payment. Please call 1-888-ICC-SAFE (422-7233), x33804 for
information about how to designate your voting repJesentatives.

o CORPORATE MEMBERS ($300)

INDIVIDUAL MEMBERS
o PROFESSIONAL ($150)

o COOPERATING ($150)

o CERTIFIED ($75)

o ASSOCIATE ($35)

o STUDENT ($25)

o RETIRED ($20)

An association, society, testing laboratory, manufacturer, company or corporation

A design professional duly licensed or registered by any state or other recognized governmental agency

An individual who is interested in International Code Council purposes and objectives and would
like to take advantage of membership benefits

An individual who holds a current Legacy or International Code Council certification

An employee of a current ICC Governmental Member

An individual who is enrolled in classes or a course of study including at least 12 hours of
classroom instruction per week

A former governmental represent~tive, corporate or individual member who has retired

New Governmental and Corporate Members will receive a free package of 7 code books. New Individual Members will receive one free code book. Upon
receipt of your completed application and payment, you will be contacted by an ICC Member Services Representative regarding your free code
package or code book. For more information, please visit www.iccsafe.org/membership or call 1-888-ICC-SAFE (422-7233), x33804.

Please print clearly or type information below:

Name

Name of Jurisdiction, Association, Institute or Company, etc.

Title

Billing Address

City

Street Address for Shipping

City

E-mail

Telephone

Payment Information:

State

State

Tax Exempt Number (If applicable, must attach copy of tax exempt license if claiming an exemption)

Zip+4

Zip+4

VISA, MC, AMEX or DISCOVER Account Number

Return this application to:
International Code Council
Affn: Membership
5360 Workman Mill Road
Whittier, CA 90601-2298

Exp. Pate

Toll Free: 1-888-ICC-SAFE (1-888-422-7233), x33804

FAX: (562) 692-6031 (Los Angeles District Office)
Or, apply online at www.iccsafe.org/membership.
Please refer to Tracking Number 66-05-274 when applying.

If you have any questions about membership in the International Code Council,
call 1-888-ICC-SAFE (1-888-422-7233), x33804 and request a Member Services Representative.

*Membership categories and dues subject to change.
Please visit www.iccsafe.org/membership for the most current information.
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FIRST PRINTING (Updated September 18, 2007) 

CHAPTER 3 
Table 308.5 
 
Row 10, column 3 now reads…4  (superscript ‘b’ removed) 
 
Row 16, column 3 now reads…4  (superscript ‘b’ removed) 
 
(Posted: January 3, 2008) 
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FIRST PRINTING (Updated September 18, 2007) 

CHAPTER 4 
Table 403.1 
Row 14, column 6 now reads…1 per 15 
 
(Posted: January 3, 2008) 
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SECOND PRINTING (Updated September 18, 2007) 

Appendix C 
Section C103.7.1.3 
Line 16…”by no more than 0.62 1/16 inch (1.59mm)…” 
 
(Posted: January 3, 2008) 
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SECOND PRINTING (Updated September 18, 2007) 

Appendix E 
Section E201.1 
Step 4, Line 7…of Table E201.1 E103.3(2) 
 
Step 5, Line 7…of Table E201.1 E103.3(2) 
 
(Posted: January 3, 2008) 
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THIRD PRINTING (Updated September 18, 2007) 

Chapter 6 
Table 605.5 
Row 10, Column 1 
 

Metal (brass) insert fittings for 
Polyethylene/Aluminum/Polyethylene (PE-AL-PE) and Cross-linked Polyethylene/Aluminum/ Cross-linked 
Polyethylene (PEX-AL-PEX) 
 

(Posted: January 3, 2008) 
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THIRD PRINTING (Updated September 18, 2007) 

Chapter 7 
Table 704.1 
 
For SI:…….0.083.3 83.3 mm/m. 
 
Table 710.1(2) 
 
Row 12, Column 2, 2900 3900 
 
(Posted: January 3, 2008) 
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THIRD PRINTING (Updated September 18, 2007) 

 
 

Chapter 9 
Section 918.2 
 
Equation 9-1, Line 7… Qv (gpm) = 27.8 rs 2/32/3 (1- rs) D 8/3 8/3 

 
(Posted: January 3, 2008) 
 




