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APPENDIX P

SIZING OF WATER PIPING SYSTEM

(The provisions contained in this appendix are not mandatory unless specifically referenced in the adopting ordinance.)

SECTION AP101
GENERAL

AP101.1 Scope.

AP101.1.1 This appendix outlines two procedures for siz-
ing a water piping system (see Sections AP103.3 and
AP201.1). The design procedures are based on the mini-
mum static pressure available from the supply source, the
head changes in the system caused by friction and eleva-
tion, and the rates of flow necessary for operation of vari-
ous fixtures.

AP101.1.2 Because of the variable conditions encountered
in hydraulic design, it is impractical to specify definite and
detailed rules for sizing of the water piping system.
Accordingly, other sizing or design methods conforming
to good engineering practice standards are acceptable
alternatives to those presented herein.

SECTION AP102
INFORMATION REQUIRED

AP102.1 Preliminary. Obtain the necessary information
regarding 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
likely to be used. Friction loss data can be obtained from most
manufacturers of water meters.

AP102.2 Demand load.

AP102.2.1 Estimate the supply demand of the building
main and the principal branches and risers of the system
by totaling the corresponding demand from the applicable
part of Table AP103.3(3).

AP102.2.2 Estimate continuous supply demands, in gal-
lons per minute (gpm) (L/m), for lawn sprinklers, air con-
ditioners, etc., and add the sum to the total demand for
fixtures. The result is the estimated supply demand for the
building supply.

SECTION AP103
SELECTION OF PIPE SIZE

AP103.1 General. Decide from Table P2903.1 what is the
desirable minimum residual pressure that should be main-
tained at the highest fixture in the supply system. If the high-
est group of fixtures contains flushometer valves, the pressure
for the group should be not less than 15 pounds per square
inch (psi) (103.4 kPa) flowing. For flush tank supplies, the
available pressure should be not less than 8 psi (55.2 kPa)

flowing, except blowout action fixtures must not be less than
25 psi (172.4 kPa) flowing.

AP103.2 Pipe sizing.

AP103.2.1 Pipe sizes can be selected using the following
procedure or by use of other design methods conforming
to acceptable engineering practice that are approved by the
building official. The sizes selected must not be less than
the minimum required by this code.

AP103.2.2 Water pipe sizing procedures are based on a
system of pressure requirements and losses, the sum of
which must not exceed the minimum pressure available at
the supply source. These pressures are as follows:

1. Pressure required at fixture to produce required
flow. See Sections P2903.1 of this code and Section
604.3 of the International Plumbing Code.

2. Static pressure loss or gain (due to head) is com-
puted at 0.433 psi per foot (9.8 kPa/m) of elevation
change.

Example: Assume that the highest fixture supply
outlet is 20 feet (6096 mm) above or below the
supply source. This produces a static pressure
differential of 8.66 psi (59.8 kPa) loss [20 feet by
0.433 psi per foot (2096 mm by 9.8 kPa/m)].

3. Loss through water meter. The friction or pressure
loss can be obtained from meter manufacturers.

4. Loss through taps in water main.

5. Loss through special devices, such as filters, soften-
ers, backflow prevention devices and pressure regu-
lators. These values must be obtained from the
manufacturer.

6. Loss through valves and fittings. Losses for these
items are calculated by converting to the equivalent
length of piping and adding to the total pipe length.

7. Loss caused by pipe friction can be calculated where
the pipe size, pipe length and flow through the pipe
are known. With these three items, the friction loss
can be determined. For piping flow charts not
included, use manufacturers’ tables and velocity rec-
ommendations.

Note: For all examples, the following metric conversions are
applicable.

1 cubic foot per minute = 0.4719 L/s.

1 square foot = 0.0929 m2.

1 degree = 0.0175 rad.

1 pound per square inch = 6.895 kPa.

1 inch = 25.4 mm.
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1 foot = 304.8 mm.

1 gallon per minute = 3.785 L/m.

AP103.3 Segmented loss method. The size of water service
mains, branch mains and risers by the segmented loss
method, must be determined by knowing the water supply
demand [gpm (L/m)], available water pressure [psi (kPa)] and
friction loss caused by the water meter and developed length
of pipe [feet (m)], including the equivalent length of fittings.
This design procedure is based on the following parameters:

1. The calculated friction loss through each length of pipe.

2. 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.

3. Pipe sizing based on estimated peak demand, total pres-
sure losses caused by difference in elevation, equip-
ment, developed length and pressure required at the
most remote fixture; loss through taps in water main;
losses through fittings, filters, backflow prevention
devices, valves and pipe friction.

Because of the variable conditions encountered in hydrau-
lic design, it is impractical to specify definite and detailed
rules for the sizing of the water piping system. Current sizing
methods do not address the differences in the probability of
use and flow characteristics of fixtures between types of
occupancies. Creating an exact model of predicting the
demand for a building is impossible and final studies assess-
ing the impact of water conservation on demand are not yet
complete. The following steps are necessary for the seg-
mented 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 of water meters. Enough
pressure must be available to overcome all system
losses caused by friction and elevation so that plumbing
fixtures operate properly. Section 604.6 of the Interna-
tional Plumbing Code requires that the water distribu-
tion system be designed for the minimum pressure
available taking into consideration pressure fluctua-
tions. The lowest pressure must be selected to guaran-
tee a continuous, adequate supply of water. The lowest
pressure in the public main usually occurs in the sum-
mer 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
expansion should be considered. The available pressure
will decrease as additional loads are placed on the pub-
lic system.

2. Demand load. Estimate the supply demand of the
building main and the principal branches and risers of
the system by totaling the corresponding demand from
the applicable part of Table AP103.3(3). When estimat-
ing peak demand, sizing methods typically use water
supply fixture units (w.s.f.u.) [see Table AP103.3(2)].

This numerical factor measures the load-producing
effect of a single plumbing fixture of a given kind. The
use of fixture units can be applied to a single basic
probability curve (or table), found in the various sizing
methods [see Table AP103.3(3)]. The fixture units are
then converted into a gpm (L/m) flow rate for estimat-
ing demand.

2.1. Estimate continuous supply demand in gpm (L/m)
for lawn sprinklers, air conditioners, 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 con-
stant-use fixtures, such as hose bibbs, lawn sprin-
klers and air conditioners. These types of fixtures
must be assigned the gpm (L/m) value.

3. Selection of pipe size. This water pipe sizing procedure
is based on a system of pressure requirements and
losses, the sum of which must not exceed the minimum
pressure available at the supply source. These pressures
are as follows:

3.1. Pressure required at the fixture to produce
required flow. See Section P2903.1 of this code
and Section 604.3 of the International Plumb-
ing Code.

3.2. Static pressure loss or gain (because of head) is
computed at 0.433 psi per foot (9.8 kPa/m) of
elevation change.

3.3. Loss through a water meter. The friction or
pressure loss can be obtained from the manufac-
turer.

3.4. Loss through taps in water main [see Table
AP103.3(4)].

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

3.6. Loss through valves and fittings [see Tables
AP103.3(5) and AP103.3(6)]. Losses for these
items are calculated by converting to the equiv-
alent length of piping and adding to the total
pipe length.

3.7. Loss caused by pipe friction can be calculated
where the pipe size, pipe length and flow
through the pipe are known. With these three
items, the friction loss can be determined using
Figures AP103.3(2) through AP103.3(7). Where
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
including available pressure, piping material,
select design velocity, elevation differences and
developed length to the 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
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be determined in each part of the hot and cold
water supply system. The expected flow through
each section is determined in w.s.f.u. and con-
verted to gpm (L/m) flow rate. Sizing methods
require determination of the “most hydraulically
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.
Consideration must be given to all pressure
demands and losses, such as friction caused by
pipe, fittings and equipment; elevation; and the
residual pressure required by Table P2903.1.
The two most common and frequent complaints
about water supply system operation are lack of
adequate pressure and noise.

Problem: What size Type L copper water pipe, service and
distribution will be required to serve a two-story factory
building having on each floor, back-to-back, two toilet rooms
each equipped with hot and cold water? The highest fixture is
21 feet above the street main, which is tapped with a 2-inch
corporation cock at which point the minimum pressure is 55
psi. In the building basement, a 2-inch meter with a maxi-
mum pressure drop of 11 psi and 3-inch reduced pressure
principle backflow preventer with a maximum pressure drop
of 9 psi are to be installed. The system is shown in Figure
AP103.3(1). To be determined are the pipe sizes for the ser-
vice main, and the cold and hot water distribution pipes.

Solution: A tabular arrangement such as shown in Table
AP103.3(1) should first be constructed. The steps to be
followed are indicated by the tabular arrangement itself as
they are in sequence, Columns 1 through 10 and Lines A
through L.

Step 1

Columns 1 and 2: Divide the system into sections break-
ing at major changes in elevation or where branches lead
to fixture groups. After Point B [see Figure AP103.3(1)],
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. Column 1 of Table AP103.3(1) provides a
line-by-line, recommended 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 fix-
tures and equipment. Column 2 provides the psi (kPa) to
be considered separately from the minimum pressure
available at the main. Losses to take into consideration are
the following: the differences in elevations between the
water supply source and the highest water supply outlet;
meter pressure losses; the tap in main loss; special fixture
devices, such as water softeners and backflow prevention
devices; and the pressure required at the most remote fix-
ture 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 subtracted from
the pressure at the water source. Where the highest water
supply outlet is located below the water supply source,
there will be an increase in pressure that is added to the
available pressure of the water source.

Column 3: Using Table AP103.3(3), determine the gpm
(L/m) of flow to be expected in each section of the system.
These flows range from 28.6 to 108 gpm. Load values for
fixtures must be determined as w.s.f.u. and then converted
to a gpm rating to determine peak demand. Where calcu-
lating peak demands, the w.s.f.u. are added and then con-
verted to the gpm rating. For continuous flow fixtures,
such as hose bibbs and lawn sprinkler systems, add the
gpm demand to the intermittent demand of fixtures. For
example, a total of 120 w.s.f.u. is converted to a demand
of 48 gpm. Two hose bibbs × 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 the day and year. The available
pressure can also be checked from nearby buildings or
from fire department hydrant checks.

Line B: Determine from Table P2903.1 the highest pres-
sure 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 P2903.1.

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 dis-
placement type, compound type and turbine type. The
maximum pressure loss of such devices takes into consid-
eration the meter size, safe operating capacity [gpm (L/m)]
and maximum rates for continuous operations [gpm (L/
m)]. Typically, equipment imparts greater pressure losses
than piping.

Line D: Select from Table AP103.3(4) and enter the pres-
sure loss for the tap size given or assumed. The loss of
pressure through taps and tees in psi (kPa) is based on the
total gpm (L/m) flow rate and size of the tap.

Line E: Determine the difference in elevation between the
main and source of supply and the highest fixture on the
system. Multiply this figure, expressed in feet (mm), by
0.43 psi. Enter the resulting psi (kPa) 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 dif-
ference in elevation usually results in a loss in the avail-
able pressure because the water supply outlet is generally
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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 pres-
sure that 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 pre-
vention devices, check valves, water softeners, instanta-
neous, or tankless water heaters, filters and strainers, can
impart a much greater pressure loss than the piping. The
pressure losses can range from 8 to 30 psi.

Step 3

Line I: The sum of the pressure requirements and losses
that affect the overall system (Lines B through H) is
entered on this line. Summarizing the steps, all of the sys-
tem losses are subtracted from the minimum water pres-
sure. The remainder 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 aver-
age pressure loss, as long as the pressure available for fric-
tion is not exceeded. Saving a certain amount for available
water supply pressures as an area incurs growth, or
because of the 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 pres-
sure that remains available from overcoming friction
losses in the system. This figure is a guide to the pipe size
that is chosen for each section, incorporating the total fric-
tion losses to the most remote outlet (measured length is
called developed length).

Exception: Where the main is above the highest fix-
ture, the resulting psi (kPa) must be considered a pres-
sure 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 toler-
ated 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, every run of pipe will be
within the required friction head loss. Static pressure
loss is at the most remote outlet in feet × 0.433 = loss in
psi caused by elevation differences.

Step 5

Column 4: Enter the length of each 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: Where 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. However, in systems having a flushometer valve or
temperature-controlled shower at the topmost floors, the
developed length would be from the water meter to the
most remote flushometer valve on the system. A rule of
thumb is that size will become progressively smaller as the
system extends farther from the main source of supply. A
trial pipe size can be arrived at by the following formula:

Line J: (Pressure available to overcome pipe friction) ×
100/equivalent length of run total developed length to
most remote fixture × 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 drop per 100 feet of pipe).

For trial pipe size, see Figure AP103.3(3) (Type L cop-
per) based on 2.77 psi and 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:

A-B 54 feet

B-C 8 feet

C-D 13 feet

D-E 150 feet

Total developed length = 225 feet

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 feet × 1.5 = 338 feet). The total equiva-
lent length of run for determining a trial pipe size is 338
feet.

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

Step 7

Column 6: Select from Table AP103.3(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 corre-
sponding to the 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 esti-
mate for this example is found in Table AP.1.
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Step 8

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

Step 9

Column 8: Select from Figure AP103.3(3) the friction
loss per 100 feet of pipe for the gpm flow in a section
(Column 3) and trial pipe size (Column 5). Maximum fric-
tion head loss per 100 feet is determined on the basis of
the total pressure available for friction head loss and the
longest equivalent length of run. The selection is based on
the gpm demand, uniform friction head loss and maximum
design velocity. Where the size indicated by the hydraulic
table indicates a velocity in excess of the selected velocity,
a size must be selected that 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 for each pipe section in the total
developed length by the pressure loss in fittings expressed
as equivalent length in feet (mm). 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 deter-
mined in Table AP.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
designated 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 using Columns 5, 6, 8 and 9
until a balance or near balance is obtained. If the differ-
ence 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 be repeated.

The total friction losses are determined and subtracted
from the pressure available to overcome pipe friction for
the trial pipe size. This number is critical because it pro-
vides a guide to whether the pipe size selected is too large
and the process should be repeated to obtain an economi-
cally designed system.

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
of the overall problem in the tabular arrangement used for
sizing the service and water distribution piping. Note that
consideration 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 AP.1

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 degree = 0.01745 rad.

COLD WATER PIPE 
SECTION FITTINGS/VALVES

PRESSURE LOSS 
EXPRESSED AS 

EQUIVALENT LENGTH 
OF TUBE (feet)

HOT WATER PIPE 
SECTION FITTINGS/VALVES

PRESSURE LOSS 
EXPRESSED AS 

EQUIVALENT OF TUBE 
(feet)

A-B
3 – 21/2 Gate valves 3 A-B 3 – 21/2 Gate valves 3

1 – 21/2 Side branch tee 12 — 1 – 21/2 Side branch tee 12

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

— — — 1 – 2 90-degree ell 0.5

C-F 1 – 21/2 Side branch tee 12 C-F 1 – 11/2 Side branch tee 7

C-D 1 – 21/2 90-degree ell 7 C-D 1 – 1/2 90-degree ell 4

D-E 1 – 21/2 Side branch tee 12 D-E 1 – 11/2 Side branch tee 7

TABLE AP.2

For SI: 1 foot = 304.8 mm.

PIPE SECTIONS
FRICTION LOSS EQUIVALENT LENGTH (feet)

Cold Water Hot Water

A-B 0.69 × 3.2 = 2.21 0.69 × 3.2 = 2.21

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

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

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

Total pipe friction losses (Line K) 5.93 7.99
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For SI: 1 foot = 304.8 mm, 1 gallon per minute = 3.785 L/m. 

FIGURE AP103.3(1)
EXAMPLE—SIZING
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TABLE AP103.3(2)
LOAD VALUES ASSIGNED TO FIXTURESa 

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 are
three-fourths of the total load for the fixture in each case. 

FIXTURE OCCUPANCY TYPE OF SUPPLY 
CONTROL

LOAD VALUES, IN WATER SUPPLY FIXTURE UNITS (w.s.f.u.)

Cold Hot Total

Bathroom group Private Flush tank 2.7 1.5 3.6

Bathroom group Private Flushometer 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. 3/8 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

Shower head Public Mixing valve 3.0 3.0 4.0

Shower head Private Mixing valve 1.0 1.0 1.4

Urinal Public 1 flushometer valve 10.0 — 10.0

Urinal Public 3/4 flushometer 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 (15 lb) Public Automatic 3.0 3.0 4.0

Water closet Private Flushometer valve 6.0 — 6.0

Water closet Private Flush tank 2.2 — 2.2

Water closet Public Flushometer 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
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TABLE AP103.3(3)
TABLE FOR ESTIMATING DEMAND

(continued)

SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSH TANKS SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSHOMETERS

Load Demand Load Demand

(w.s.f.u.) (gpm) (cfm) (w.s.f.u.) (gpm) (cfm)

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
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TABLE AP103.3(3)—continued
TABLE FOR ESTIMATING DEMAND

For SI: 1 gallon per minute = 3.785 L/m, 1 cubic foot per minute = 0.000471 m3/s.

SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSH TANKS SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSHOMETERS

Load Demand Load Demand

(w.s.f.u.) (gpm) (cfm) (w.s.f.u.) (gpm) (cfm)

250 75.0 10.026 250 101.0 13.50168

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 AP103.3(4)
LOSS OF PRESSURE THROUGH TAPS AND TEES IN POUNDS PER SQUARE INCH (psi) 

For SI: 1 inch = 25.4 mm, 1 pound per square inch = 6.895 kPa, 1 gallon per minute = 3.785 L/m. 

GALLONS PER MINUTE
SIZE OF TAP OR TEE (inches)

5/8
3/4 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
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TABLE AP103.3(5)
ALLOWANCE IN EQUIVALENT LENGTHS OF PIPE FOR FRICTION LOSS IN VALVES AND THREADED FITTINGS (feet) 

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 degree = 0.0175 rad. 

FITTING OR VALVE
PIPE SIZE (inches)

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

TABLE AP103.3(6)
PRESSURE LOSS IN FITTINGS AND VALVES EXPRESSED AS EQUIVALENT LENGTH OF TUBEa (feet)

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 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 in the table 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.

NOMINAL OR 
STANDARD 

SIZE (inches)

FITTINGS

Coupling

VALVES

Standard EII 90-degree Tee
Ball Gate Butterfly Check

90 Degree 45 Degree Side Branch Straight Run
3/8 0.5 — 1.5 — — — — — 1.5
1/2 1 0.5 2 — — — — — 2
5/8 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

11/2 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

21/2 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

31/2 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
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Note: Fluid velocities in excess of 5 to 8 feet per second are not usually recommended.
For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 gallon per minute = 3.785 L/m, 1 pound per square inch = 6.895 kPa, 1 foot per second = 0.305 m/s.
a. This figure applies to smooth new copper tubing with recessed (streamline) soldered joints and to the actual sizes of types indicated on the diagram.

FIGURE AP103.3(2)
FRICTION LOSS IN SMOOTH PIPEa 

(TYPE K, ASTM B 88 COPPER TUBING)
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Note: Fluid velocities in excess of 5 to 8 feet per second are not usually recommended.
For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 gallon per minute = 3.785 L/m, 1 pound per square inch = 6.895 kPa, 1 foot per second = 0.305 m/s.
a. This figure applies to smooth new copper tubing with recessed (streamline) soldered joints and to the actual sizes of types indicated on the diagram.

FIGURE AP103.3(3)
FRICTION LOSS IN SMOOTH PIPEa 

(TYPE L, ASTM B 88 COPPER TUBING)
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Note: Fluid velocities in excess of 5 to 8 feet per second are not usually recommended.
For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 gallon per minute = 3.785 L/m, 1 pound per square inch = 6.895 kPa, 1 foot per second = 0.305 m/s.
a. This figure applies to smooth new copper tubing with recessed (streamline) soldered joints and to the actual sizes of types indicated on the diagram.

FIGURE AP103.3(4)
FRICTION LOSS IN SMOOTH PIPEa 

(TYPE M, ASTM B 88 COPPER TUBING)
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For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 gallon per minute = 3.785 L/m, 1 pound per square inch = 6.895 kPa, 1 foot per second = 0.305 m/s.
a. This figure applies to smooth new steel (fairly smooth) pipe  and to actual diameters of standard-weight pipe.

FIGURE AP103.3(5)
FRICTION LOSS IN FAIRLY SMOOTH PIPEa
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For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 gallon per minute = 3.785 L/m, 1 pound per square inch = 6.895 kPa, 1 foot per second = 0.305 m/s.
a. This figure applies to fairly rough pipe and to actual diameters which, in general, will be less than the actual diameters of the new pipe of the same kind. 

FIGURE AP103.3(6)
FRICTION LOSS IN FAIRLY ROUGH PIPEa 
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For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 gallon per minute = 3.785 L/m, 1 pound per square inch = 6.895 kPa, 1 foot per second = 0.305 m/s.
a. This figure applies to very rough pipe and existing pipe, and to their actual diameters. 

FIGURE AP103.3(7)
FRICTION LOSS IN ROUGH PIPEa
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SECTION AP201
SELECTION OF PIPE SIZE

AP201.1 Size of water-service mains, branch mains and
risers. The minimum size water service pipe shall be 3/4 inch
(19.1 mm). The size of water service mains, branch mains
and risers shall be determined according to water supply
demand [gpm (L/m)], available water pressure [psi (kPa)] and
friction loss caused by the water meter and developed length
of pipe [feet (m)], including the equivalent length of fittings.
The size of each water distribution system shall be deter-
mined according to the procedure outlined in this section or
by other design methods conforming to acceptable engineer-
ing practice and approved by the building official:

1. Supply load in the building water distribution system
shall be determined by the total load on the pipe being
sized, in terms of w.s.f.u., as shown in Table
AP103.3(2). For fixtures not listed, choose a w.s.f.u.
value of a fixture with similar flow characteristics.

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 sup-
ply outlet. Where the highest water supply out-
let is located above the source of supply, deduct
0.5 psi (3.4 kPa) for each foot (0.3 m) of differ-
ence in elevation. Where the highest water sup-
ply 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 water pressure-reducing
valve, whichever is smaller.

2.3. Deduct all pressure losses caused by special
equipment, such as a backflow preventer, water
filter and water softener. Pressure loss data for
each piece of equipment shall be obtained
through the manufacturer of the device.

2.4. Deduct the pressure in excess of 8 psi (55 kPa)
resulting from the installation of the special
plumbing fixture, such as temperature-con-
trolled shower and flushometer tank water
closet. Using the resulting minimum available
pressure, find the corresponding pressure range
in Table AP201.1.

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 (through
the water heater) or cold water branches multiplied by a
factor of 1.2 to compensate for pressure loss through

fittings. Select the appropriate column in Table
AP201.1 equal to or greater than the calculated maxi-
mum developed length.

4. To determine the size of the water service pipe, meter
and main distribution pipe to the building using the
appropriate table, follow down the selected “maximum
developed length” column to a fixture unit equal to or
greater than the total installation demand calculated by
using the “combined” w.s.f.u. column of Table
AP201.1. 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,
start at the most remote outlet on each branch (either
hot or cold branch) and, working back toward the main
distribution pipe to the building, add up the w.s.f.u.
demand passing through each segment of the distribu-
tion system using the related hot or cold column of
Table AP201.1. Knowing demand, the size of each seg-
ment shall be read from the second left-hand column of
the same table and the maximum developed length col-
umn selected in Steps 1 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 than the size of the
main distribution pipe to the building established in
Step 4.
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TABLE AP201.1
MINIMUM SIZE OF WATER METERS, MAINS AND DISTRIBUTION PIPING BASED ON WATER SUPPLY FIXTURE UNIT VALUES (w.s.f.u.) 

(continued)

METER AND SERVICE PIPE
(inches)

DISTRIBUTION PIPE
(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

2 21/2 533 533 533 533 533 495 448 409 353 311

METER AND SERVICE PIPE 
(inches)

DISTRIBUTION PIPE
(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 11.5 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
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TABLE AP201.1—continued
MINIMUM SIZE OF WATER METERS, MAINS AND DISTRIBUTION PIPING BASED ON WATER SUPPLY FIXTURE UNIT VALUES (w.s.f.u.)

For SI: 1 inch = 25.4, 1 foot = 304.8 mm, 1 pound per square inch = 6.895 kPa.
a. Minimum size for building supply is a 3/4-inch pipe.

METER AND SERVICE PIPE 
(inches)

DISTRIBUTION PIPE
(inches) MAXIMUM DEVELOPMENT LENGTH (feet)

Pressure Range 50 to 60 psi 40 60 80 100 150 200 250 300 400 500
3/4

1/2
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 21/2 533 533 533 533 533 533 533 533 533 486

METER AND SERVICE PIPE 
(inches)

DISTRIBUTION PIPE
(inches) MAXIMUM DEVELOPMENT LENGTH (feet)

Pressure Range Over 60 40 60 80 100 150 200 250 300 400 500
3/4

1/2
a 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
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APPENDIX R

LIGHT STRAW-CLAY CONSTRUCTION

The provisions contained in this appendix are not mandatory unless specifically referenced in the adopting ordinance.

SECTION AR101
GENERAL

AR101.1 Scope. This appendix shall govern the use of light
straw-clay as a nonbearing building material and wall infill
system. 

SECTION AR102
DEFINITIONS

AR102.1 General. The following words and terms shall, for
the purposes of this appendix, have the meanings shown
herein. Refer to Chapter 2 of the International Residential
Code for general definitions.

CLAY. Inorganic soil with particle sizes of less than 0.00008
inch (0.002 mm) having the characteristics of high to very
high dry strength and medium to high plasticity.

CLAY SLIP. A suspension of clay soil in water.

CLAY SOIL. Inorganic soil containing 50 percent or more
clay by volume.

INFILL. Light straw-clay that is placed between the struc-
tural members of a building.

LIGHT STRAW-CLAY. A mixture of straw and clay com-
pacted to form insulation and plaster substrate between or
around structural and nonstructural members in a wall.

NONBEARING. Not bearing the weight of the building other
than the weight of the light straw-clay itself and its finish.

STRAW. The dry stems of cereal grains after the seed heads
have been removed.

VOID. Any space in a light straw-clay wall in which a 2-inch
(51 mm) sphere can be inserted.

SECTION AR103
NONBEARING LIGHT STRAW-CLAY

CONSTRUCTION
AR103.1 General. Light straw-clay shall be limited to infill
between or around structural and nonstructural wall framing
members.

AR103.2 Structure. The structure of buildings using light
straw-clay shall be in accordance with the International Resi-
dential Code or shall be in accordance with an approved
design by a registered design professional.

AR103.2.1 Number of stories. Use of light straw-clay
infill shall be limited to buildings that are not more than
one story above grade plane.

Exception: Buildings using light straw-clay infill that
are greater than one story above grade plane shall be in

accordance with an approved design by a registered
design professional.

AR103.2.2 Bracing. Wind and seismic bracing shall be in
accordance with Section R602.10 and shall use Method
LIB. The required length of bracing shall comply with
Section R602.10.3, with the additional requirements that
Table 602.10.3(3) shall be applicable to buildings in Seis-
mic Design Category C, and that the minimum total length
of bracing in Table R602.10.3(3) shall be increased by 90
percent. In lieu of these prescriptive requirements, wind
and seismic bracing shall be in accordance with an
approved design by a registered design professional.
Walls with light straw-clay infill shall not be sheathed
with solid sheathing. 

AR103.2.3 Weight of light straw-clay. Light straw-clay
shall be deemed to have a design dead load of 40 pounds
per cubic foot (640 kg per cubic meter) unless otherwise
demonstrated to the building official.

AR103.2.4 Reinforcement of light straw-clay. Light
straw-clay shall be reinforced as follows:

1. Vertical reinforcing shall be not less than nominal 2-
inch by 6-inch (51 mm by 152 mm) wood members
at not more than 32 inches (813 mm) on center
where the vertical reinforcing is nonload bearing
and at 24 inches (610 mm) on center where it is load
bearing. The vertical reinforcing shall not exceed an
unrestrained height of 10 feet (3048 mm) and shall
be attached at top and bottom in accordance with
Chapter 6 of the this code. In lieu of these require-
ments, vertical reinforcing shall be in accordance
with an approved design by a registered design pro-
fessional.

2. Horizontal reinforcing shall be installed in the center
of the wall at not more than 24 inches (610 mm) on
center and shall be secured to vertical members.
Horizontal reinforcing shall be of any of the follow-
ing: 3/4-inch (19.1 mm) bamboo, 1/2-inch (12.7 mm)
fiberglass rod, 1-inch (25 mm) wood dowel or nomi-
nal 1-inch by 2-inch (25 mm by 51 mm) wood. 

AR103.3 Materials. The materials used in light straw-clay
construction shall be in accordance with Sections AR103.3.1
through AR103.3.4.

AR103.3.1 Straw. Straw shall be wheat, rye, oats, rice or
barley, and shall be free of visible decay and insects.

AR103.3.2 Clay soil. Suitability of clay soil shall be
determined in accordance with the Figure 2 Ribbon Test or
the Figure 3 Ball Test of the Appendix to ASTM E 2392/
E 2392M.
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AR103.3.3 Clay slip. Clay slip shall be of sufficient vis-
cosity such that a finger dipped in the slip and withdrawn
remains coated with an opaque coating. 

AR103.3.4 Light straw-clay mixture. Light straw-clay
shall contain not less than 65 percent and not more than 85
percent straw, by volume of bale-compacted straw to clay
soil. Loose straw shall be mixed and coated with clay slip
such that there is not more than 5 percent uncoated straw.

AR103.4 Wall construction. Light straw-clay wall construc-
tion shall be in accordance with the requirements of Sections
AR103.4.1 through AR103.4.7.

AR103.4.1 Light straw-clay maximum thickness. Light
straw-clay shall be not more than 12 inches (305 mm)
thick, to allow adequate drying of the installed material.

AR103.4.2 Distance above grade. Light straw-clay and
its exterior finish shall be not less than 8 inches (203 mm)
above exterior finished grade.  

AR103.4.3 Moisture barrier. An approved moisture bar-
rier shall separate the bottom of light straw-clay walls
from any masonry or concrete foundation or slab that
directly supports the walls. Penetrations and joints in the
barrier shall be sealed with an approved sealant. 

AR103.4.4 Contact with wood members. Light straw-
clay shall be permitted to be in contact with untreated
wood members.

AR103.4.5 Contact with nonwood structural members.
Nonwood structural members in contact with light straw-
clay shall be resistant to corrosion or shall be coated to
prevent corrosion with an approved coating.

AR103.4.6 Installation. Light straw-clay shall be
installed in accordance with the following:

1. Formwork shall be sufficiently strong to resist bow-
ing where the light straw-clay is compacted into the
forms.

2. Light straw-clay shall be uniformly placed into forms
and evenly tamped to achieve stable walls free of
voids. Light straw-clay shall be placed in lifts of not
more than 6 inches (152 mm) and shall be thoroughly
tamped before additional material is added.

3. Formwork shall be removed from walls within 24
hours after tamping, and walls shall remain exposed
until moisture content is in accordance with Section
AR103.5.1. Visible voids shall be patched with light
straw-clay prior to plastering.

AR103.4.7 Openings in walls. Openings in walls shall be
in accordance with the following:

1. Rough framing for doors and windows shall be fas-
tened to structural members in accordance with the
International Residential Code. Windows and doors
shall be flashed in accordance with the International
Residential Code.

2. An approved moisture barrier shall be installed at
window sills in light straw-clay walls prior to instal-
lation of windows.

AR103.5 Wall finishes. The interior and exterior surfaces of
light straw-clay walls shall be protected with a finish in
accordance with Sections AR103.5.1 through AR103.5.5.

AR103.5.1 Moisture content of light straw-clay prior to
application of finish. Light straw-clay walls shall be dry
to a moisture content of not more than 20 percent at a
depth of 4 inches (102 mm), as measured from each side
of the wall, prior to the application of finish on either side
of the wall. Moisture content shall be measured with a
moisture meter equipped with a probe that is designed for
use with baled straw or hay.

AR103.5.2 Plaster finish. Exterior plaster finishes shall
be clay plaster or lime plaster. Interior plaster finishes
shall be clay plaster, lime plaster or gypsum plaster. Plas-
ters shall be permitted to be applied directly to the surface
of the light straw-clay walls without reinforcement, except
that the juncture of dissimilar substrates shall be in accor-
dance with Section AR103.5.3. Plasters shall have a thick-
ness of not less than 1/2 inch (12.7 mm) and not more than
1 inch (25 mm) and shall be installed in not less than two
coats. Exterior clay plaster shall be finished with a lime-
based or silicate-mineral coating. 

AR103.5.3 Separation of wood and plaster. Where
wood framing occurs in light straw-clay walls, such wood
surfaces shall be separated from exterior plaster with
No.15 asphalt felt, Grade D paper or other approved mate-
rial except where the wood is preservative treated or natu-
rally durable.

Exception: Exterior clay plasters shall not be required
to be separated from wood.

AR103.5.4 Bridging across dissimilar substrates.
Bridging shall be installed across dissimilar substrates
prior to the application of plaster. Acceptable bridging
materials include: expanded metal lath, woven wire mesh,
welded wire mesh, fiberglass mesh, reed matting or bur-
lap. Bridging shall extend not less than 4 inches (102 mm),
on both sides of the juncture.

AR103.5.5 Exterior siding. Exterior wood, metal or com-
posite material siding shall be spaced not less than 3/4 inch
(19.1 mm) from the light straw-clay such that a ventilation
space is created to allow for moisture diffusion. The siding
shall be fastened to wood furring strips in accordance with
the manufacturer’s instructions. Furring strips shall be
spaced not more than 32 inches (813 mm) on center, and
shall be securely fastened to the vertical wall reinforcing
or structural framing. Insect screening shall be provided at
the top and bottom of the ventilation space. An air barrier
consisting of not more than 3/8-inch-thick (9.5 mm) clay
plaster or lime plaster shall be applied to the light straw-
clay prior to the application of siding.
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SECTION AR104
THERMAL INSULATION

AR104.1 R-value. Light straw-clay, where installed in accor-
dance with this appendix, shall be deemed to have an R-value
of 1.6 per inch.

SECTION AR105
REFERENCED STANDARD

ASTM E 2392/
E 2392M—10 Standard Guide for Design of Earthen Wall

Building Systems.................. AR103.3.2
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APPENDIX S

STRAWBALE CONSTRUCTION 

The provisions contained in this appendix are not mandatory unless specifically referenced in the adopting ordinance.

SECTION AS101
GENERAL

AS101.1 Scope. This appendix provides prescriptive and per-
formance-based requirements for the use of baled straw as a
building material. Other methods of strawbale construction
shall be subject to approval in accordance with Section
104.11 of this code. Buildings using strawbale walls shall
comply with the this code except as otherwise stated in this
appendix.

SECTION AS102
DEFINITIONS

AS102.1 Definitions. The following words and terms shall,
for the purposes of this appendix, have the meanings shown
herein. Refer to Chapter 2 of the International Residential
Code for general definitions.

BALE. Equivalent to straw bale.

CLAY. Inorganic soil with particle sizes less than 0.00008
inch (0.002 mm) having the characteristics of high to very
high dry strength and medium to high plasticity.

CLAY SLIP. A suspension of clay particles in water.

FINISH. Completed compilation of materials on the interior
or exterior faces of stacked bales.

FLAKE. An intact section of compressed straw removed
from an untied bale.

LAID FLAT. The orientation of a bale with its largest faces
horizontal, its longest dimension parallel with the wall plane,
its ties concealed in the unfinished wall and its straw lengths
oriented across the thickness of the wall.

LOAD-BEARING WALL. A strawbale wall that supports
more than 100 pounds per linear foot (1459 N/m) of vertical
load in addition its own weight.

MESH. An openwork fabric of linked strands of metal, plas-
tic, or natural or synthetic fiber, embedded in plaster.

NONSTRUCTURAL WALL. Walls other than load-bear-
ing walls or shear walls.

ON-EDGE. The orientation of a bale with its largest faces ver-
tical, its longest dimension parallel with the wall plane, its ties
on the face of the wall and its straw lengths oriented vertically.

PIN. A vertical metal rod, wood dowel or bamboo, driven
into the center of stacked bales, or placed on opposite sur-
faces of stacked bales and through-tied.

PLASTER. Gypsum or cement plaster, as defined in Sections
R702 and AS104, or clay plaster, soil-cement plaster, lime plas-
ter or cement-lime plaster as defined in Section AS104.

PRECOMPRESSION. Vertical compression of stacked
bales before the application of finish. 

REINFORCED PLASTER. A plaster containing mesh rein-
forcement.

RUNNING BOND. The placement of straw bales such that
the head joints in successive courses are offset not less than
one-quarter the bale length.

SHEAR WALL. A strawbale wall designed and constructed
to resist lateral seismic and wind forces parallel to the plane
of the wall in accordance with Section AS106.13.

SKIN. The compilation of plaster and reinforcing, if any,
applied to the surface of stacked bales.

STRUCTURAL WALL. A wall that meets the definition for
a load-bearing wall or shear wall. 

STACK BOND. The placement of straw bales such that head
joints in successive courses are vertically aligned.

STRAW. The dry stems of cereal grains after the seed heads
have been removed.

STRAW BALE. A rectangular compressed block of straw,
bound by ties.

STRAWBALE. The adjective form of straw bale.

STRAW-CLAY. Loose straw mixed and coated with clay slip.

TIE. A synthetic fiber, natural fiber or metal wire used to
confine a straw bale.

TRUTH WINDOW. An area of a strawbale wall left without
its finish, to allow view of the straw otherwise concealed by its
finish.

SECTION AS103
BALES

AS103.1 Shape. Bales shall be rectangular in shape.

AS103.2 Size. Bales shall have a height and thickness of not
less than 12 inches (305 mm), except as otherwise permitted
or required in this appendix. Bales used within a continuous
wall shall be of consistent height and thickness to ensure even
distribution of loads within the wall system. 

AS103.3 Ties. Bales shall be confined by synthetic fiber, nat-
ural fiber or metal ties sufficient to maintain required bale
density. Ties shall be not less than 3 inches (76 mm) and not
more than 6 inches (152 mm) from the two faces without ties
and shall be spaced not more than 12 inches (305 mm) apart.
Bales with broken ties shall be retied with sufficient tension
to maintain required bale density. 

AS103.4 Moisture content. The moisture content of bales at
the time of application of the first coat of plaster or the instal-
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lation of another finish shall not exceed 20 percent of the
weight of the bale. The moisture content of bales shall be
determined by use of a moisture meter designed for use with
baled straw or hay, equipped with a probe of sufficient length
to reach the center of the bale. Not less than 5 percent and not
less than 10 bales used shall be randomly selected and tested. 

AS103.5 Density. Bales shall have a dry density of not less
than 6.5 pounds per cubic foot (104 kg/cubic meter). The dry
density shall be calculated by subtracting the weight of the
moisture in pounds (kg) from the actual bale weight and
dividing by the volume of the bale in cubic feet (cubic
meters). Not less than 2 percent and not less than five bales to
be used shall be randomly selected and tested on site.

AS103.6 Partial bales. Partial bales made after original fabri-
cation shall be retied with ties complying with Section
AR103.3.

AS103.7 Types of straw. Bales shall be composed of straw
from wheat, rice, rye, barley or oat.

AS103.8 Other baled material. The dry stems of other cereal
grains shall be acceptable where approved by the building offi-
cial.

SECTION AS104
FINISHES

AS104.1 General. Finishes applied to strawbale walls shall
be any type permitted by this code, and shall comply with this
section and with Chapters 3 and 7 of this code unless stated
otherwise in this section.

AS104.2 Purpose, and where required. Strawbale walls
shall be finished so as to provide mechanical protection, fire
resistance and protection from weather and to restrict the pas-
sage of air through the bales, in accordance with this appen-
dix and this code. Vertical strawbale wall surfaces shall
receive a coat of plaster not less than 3/8 inch (10 mm) thick,
or greater where required elsewhere in this appendix, or shall
fit tightly against a solid wall panel. The tops of strawbale
walls shall receive a coat of plaster not less than 3/8 inch (10
mm) thick where straw would otherwise be exposed.

Exception: Truth windows shall be permitted where a
fire-resistance rating is not required. Weather-exposed
truth windows shall be fitted with a weather-tight cover.
Interior truth windows in Climate Zones 5, 6, 7, 8 and
Marine 4 shall be fitted with an air-tight cover.

AS104.3 Vapor retarders. Class I and II vapor retarders
shall not be used on a strawbale wall, nor shall any other
material be used that has a vapor permeance rating of less
than 3 perms, except as permitted or required elsewhere in
this appendix.

AS104.4 Plaster. Plaster applied to bales shall be any type
described in this section, and as required or limited in this
appendix. Plaster thickness shall not exceed 2 inches (51 mm).

AS104.4.1 Plaster and membranes. Plaster shall be
applied directly to strawbale walls to facilitate transpira-
tion of moisture from the bales, and to secure a mechanical
bond between the skin and the bales, except where a mem-
brane is allowed or required elsewhere in this appendix.

AS104.4.2 Lath and mesh for plaster. The surface of the
straw bales functions as lath, and other lath or mesh shall
not be required, except as required for out-of-plane resis-
tance by Table AS105.4 or for structural walls by Tables
AS106.12 and AS106.13(1).

AS104.4.3 Clay plaster. Clay plaster shall comply with
Sections AS104.4.3.1 through AS104.4.3.6.

AS104.4.3.1 General. Clay plaster shall be any plaster
having a clay or clay-soil binder. Such plaster shall
contain sufficient clay to fully bind the plaster, sand or
other inert granular material, and shall be permitted to
contain reinforcing fibers. Acceptable reinforcing
fibers include chopped straw, sisal and animal hair. 

AS104.4.3.2 Lath and mesh. Clay plaster shall not be
required to contain reinforcing lath or mesh except as
required in Tables AS105.4 and AS106.13(1). Where
provided, mesh shall be natural fiber, corrosion-resis-
tant metal, nylon, high-density polypropylene or other
approved material. 

AS104.4.3.3 Thickness and coats. Clay plaster shall
be not less than 1 inch (25 mm) thick, except where
required to be thicker for structural walls as described
elsewhere in this appendix, and shall be applied in not
less than two coats.

AS104.4.3.4 Rain-exposed. Clay plaster, where
exposed to rain, shall be finished with lime wash, lime
plaster, linseed oil or other approved erosion-resistant
finish.

AS104.4.3.5 Prohibited finish coat. Plaster containing
Portland cement shall not be permitted as a finish coat
over clay plasters.

AS104.4.3.6 Plaster additives. Additives shall be per-
mitted to increase plaster workability, durability,
strength or water resistance.

AS104.4.4 Soil-cement plaster. Soil-cement plaster shall
comply with Sections AS104.4.4.1 through AS104.4.4.3.

AS104.4.4.1 General. Soil-cement plaster shall be
composed of soil (free of organic matter), sand and not
less than 10 percent and not more than 20 percent Port-
land cement by volume, and shall be permitted to con-
tain reinforcing fibers.

AS104.4.4.2 Lath and mesh. Soil-cement plaster shall
use any corrosion-resistant lath or mesh permitted by
this code, or as required in Section AS106 where used
on structural walls.

AS104.4.4.3 Thickness. Soil-cement plaster shall be
not less than 1 inch (25 mm) thick.

AS104.4.5 Gypsum plaster. Gypsum plaster shall comply
with Section R702. Gypsum plaster shall be limited to use
on interior surfaces of nonstructural walls, and as an inte-
rior finish coat over a structural plaster that complies with
this appendix. 

AS104.4.6 Lime plaster. Lime plaster shall comply with
Sections AS104.4.6.1 and AS104.4.6.3.
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AS104.4.6.1 General. Lime plaster is any plaster with
a binder that is composed of calcium hydroxide
(CaOH) including Type N or S hydrated lime, hydrau-
lic lime, natural hydraulic lime or quicklime. Hydrated
lime shall comply with ASTM C 206. Hydraulic lime
shall comply with ASTM C 1707. Natural hydraulic
lime shall comply with ASTM C 141 and EN 459.
Quicklime shall comply with ASTM C 5.

AS104.4.6.2 Thickness and coats. Lime plaster shall
be not less than 7/8 inch (22 mm) thick, and shall be
applied in not less than three coats. 

AS104.4.6.3 On structural walls. Lime plaster on
strawbale structural walls in accordance with Table
AS106.12 or Table AS106.13(1) shall use a binder of
hydraulic or natural hydraulic lime.

AS104.4.7 Cement-lime plaster. Cement-lime plaster
shall be plaster mixes CL, F or FL, as described in ASTM C
926. 

AS104.4.8 Cement plaster. Cement plaster shall conform
to ASTM C 926 and shall comply with Sections R703.6.2,
R703.6.4 and R703.6.5, except that the amount of lime in
plaster coats shall be not less than 1 part lime to 6 parts
cement to allow a minimum acceptable vapor permeabil-
ity. The combined thickness of plaster coats shall be not
more than 11/2 inches (38 mm) thick.

SECTION AS105
STRAWBALE WALLS—GENERAL

AS105.1 General. Strawbale walls shall be designed and
constructed in accordance with this section. Strawbale struc-
tural walls shall be in accordance with the additional require-
ments of Section AS106.

AS105.2 Building requirements for use of strawbale non-
structural walls. Buildings using strawbale nonstructural
walls shall be subject to the following limitations and require-
ments:

1. Number of stories: not more than one, except that two
stories shall be allowed with an approved engineered
design.

2. Building height: not more than 25 feet (7620 mm).

3. Wall height: in accordance with Table AS105.4.

4. Braced wall panel length, and increase in Seismic
Design Categories C, D0, D1 and D2: the required length
of bracing for buildings using strawbale nonstructural
walls shall comply with Section R602.10.3 of this code,
with the additional requirements that Table 602.10.3(3)
shall be applicable to buildings in Seismic Design Cate-
gory C, and that the minimum total length of braced
wall panels in Table R602.10.3(3) shall be increased by
60 percent.

AS105.3 Sill plates. Sill plates shall support and be flush
with each face of the straw bales above and shall be of natu-
rally durable or preservative-treated wood where required by
this code. Sill plates shall be not less than nominal 2 inches

by 4 inches (51 mm by 102 mm) with anchoring complying
with Section R403.1.6 and the additional requirements of
Tables AS105.4 and AS106.6(1), where applicable.

AS105.4 Out-of-plane resistance and unrestrained wall
dimensions. Strawbale walls shall employ a method of out-
of-plane resistance in accordance with Table AS105.4, and
comply with its associated limits and requirements. 

AS105.4.1 Determination of out-of-plane loading. Out-
of-plane loading for the use of Table AS105.4 shall be in
terms of the design wind speed and seismic design cate-
gory as determined in accordance with Sections R301.2.1
and R301.2.2 of this code.

AS105.4.2 Pins. Pins used for out-of-plane resistance
shall comply with the following or shall be in accordance
with an approved engineered design. Pins shall be exter-
nal, internal or a combination of the two.

1. Pins shall be 1/2-inch-diameter (12.7 mm) steel, 3/4-
inch-diameter (19.1 mm) wood or 1/2-inch-diameter
(12.7 mm) bamboo.

2. External pins shall be installed vertically on both
sides of the wall at a spacing of not more than 24
inches (610 mm) on center. External pins shall have
full lateral bearing on the sill plate and the top plate or
roof-bearing element, and shall be tightly tied
through the wall to an opposing pin with ties spaced
not more than 32 inches (813 mm) apart and not more
than 8 inches (203 mm) from each end of the pins. 

3. Internal pins shall be installed vertically within the
center third of the bales, at spacing of not more than
24 inches (610 mm) and shall extend from top
course to bottom course. The bottom course shall be
similarly connected to its support and the top course
shall be similarly connected to the roof- or floor-
bearing member above with pins or other approved
means. Internal pins shall be continuous or shall
overlap through not less than one bale course.

AS105.5 Connection of light-framed walls to strawbale
walls. Light-framed walls perpendicular to, or at an angle to a
straw bale wall assembly, shall be fastened to the bottom and
top wood members of the strawbale wall in accordance with
requirements for wood or cold-formed steel light-framed
walls in this code, or the abutting stud shall be connected to
alternating straw bale courses with a 1/2-inch diameter (12.7
mm) steel, 3/4-inch-diameter (19.1 mm) wood or 5/8-inch-
diameter (15.9 mm) bamboo dowel, with not less than 8-inch
(203 mm) penetration.

AS105.6 Moisture control. Strawbale walls shall be pro-
tected from moisture intrusion and damage in accordance
with Sections AS105.6.1 through AS105.6.8.

AS105.6.1 Water-resistant barriers and vapor perme-
ance ratings. Plastered bale walls shall be constructed
without any membrane barrier between straw and plaster
to facilitate transpiration of moisture from the bales, and to
secure a structural bond between straw and plaster, except
as permitted or required elsewhere in this appendix.

Copyright to, or licensed by, ICC (ALL RIGHTS RESERVED); accessed by John Welch on Jun 30, 2015 1:28:57 PM pursuant to License Agreement.
No further reproductions authorized.



APPENDIX S

878 2015 INTERNATIONAL RESIDENTIAL CODE®

Where a water-resistant barrier is placed behind an exte-
rior finish, it shall have a vapor permeance rating of not
less than 5 perms, except as permitted or required else-
where in this appendix.

AS105.6.2 Vapor retarders. Wall finishes shall have an
equivalent vapor permeance rating of a Class III vapor
retarder on the interior side of exterior strawbale walls in
Climate Zones 5, 6, 7, 8 and Marine 4, as defined in Chap-
ter 11. Bales in walls enclosing showers or steam rooms
shall be protected on the interior side by a Class I or Class
II vapor retarder.

AS105.6.3 Penetrations in exterior strawbale walls.
Penetrations in exterior strawbale walls shall be sealed
with an approved sealant or gasket on the exterior side of
the wall in all climate zones, and on the interior side of the
wall in Climate Zones 5, 6, 7, 8 and Marine 4, as defined
in Chapter 11.

AS105.6.4 Horizontal surfaces. Bale walls and other bale
elements shall be provided with a water-resistant barrier at
weather-exposed horizontal surfaces. The water-resistant
barrier shall be of a material and installation that will prevent
water from entering the wall system. Horizontal surfaces
shall include exterior window sills, sills at exterior niches
and buttresses. The finish material at such surfaces shall be
sloped not less than 1 unit vertical in 12 units horizontal (8-
percent slope) and shall drain away from bale walls and ele-
ments. Where the water-resistant barrier is below the finish
material, it shall be sloped not less than 1 unit vertical in 12
units horizontal (8-percent slope) and shall drain to the out-
side surface of the bales wall’s vertical finish.

AS105.6.5 Separation of bales and concrete. A sheet or
liquid-applied Class II vapor retarder shall be installed
between bales and supporting concrete or masonry. The
bales shall be separated from the vapor retarder by not less
than 3/4 inch (19.1 mm), and that space shall be filled with
an insulating material such as wood or rigid insulation, or
a material that allows vapor dispersion such as gravel, or
other approved insulating or vapor dispersion material.
Sill plates shall be installed at this interface in accordance
with Section AS105.3. Where bales abut a concrete or
masonry wall that retains earth, a Class II vapor retarder
shall be provided between such wall and the bales.

AS105.6.6 Separation of bales and earth. Bales shall be
separated from earth by not less than 8 inches (203 mm).

AS105.6.7 Separation of exterior plaster and earth.
Exterior plaster applied to straw bales shall be located not
less than 6 inches (102 mm) above earth or 3 inches (51
mm) above paved areas.

AS105.6.8 Separation of wood and plaster. Where wood
framing or wood sheathing occurs on the exterior face of
strawbale walls, such wood surfaces shall be separated
from exterior plaster with two layers of Grade D paper,
No. 15 asphalt felt or other approved material in accor-
dance with Section R703.6.3.

Exceptions:

1. Where the wood is preservative treated or natu-
rally durable and is not greater than 11/2 inches
(38 mm) in width.

TABLE AS105.4
OUT-OF-PLANE RESISTANCE AND UNRESTRAINED WALL DIMENSIONS

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm.
a. Finishes applied to both sides of stacked bales. Where different finishes are used on opposite sides of a wall, the more restrictive requirements shall apply.
b. H = Stacked bale height in feet (mm) between sill plate and top plate or other approved horizontal restraint, or the horizontal distance in feet (mm) between

approved vertical restraints. For load-bearing walls, H refers to vertical height only.
c. T = Bale thickness in feet (mm). 
d. Plaster reinforcement shall be any mesh allowed in Table AS106.16 for the matching plaster type, and with staple spacing in accordance with this table. Mesh

shall be installed in accordance with Section AS106.9.
e. Sill plate attachment shall be with 5/8-inch anchor bolts or approved equivalent at not more than 48 inches on center where staple spacing is required to be  4

inches.

METHOD OF
OUT-OF-PLANE RESISTANCEa

FOR WIND 
DESIGN 
SPEEDS

(mph)

FOR SEISMIC 
DESIGN

CATEGORIES

UNRESTRAINED WALL DIMENSIONS, Hb 
MESH STAPLE SPACING

AT BOUNDARY 
RESTRAINTS

Absolute limit
in feet

Limit based on bale 
thickness Tc

in feet (mm)

Nonplaster finish or unreinforced plaster  100 A, B, C, D0 H  8 H  5T None required

Pins per Section AS105.4.2  100 A, B, C, D0 H  12 H  8T None required

Pins per Section AS105.4.2  110
A, B, C,

 D0, D1, D2
H  10 H  7T None required

Reinforcedc clay plaster  110 A, B, C,
 D0, D1, D2

H  10 H  8T 0.5

(H  140T 0.5)
 6 inches 

Reinforcedc clay plaster  110
A, B, C,

 D0, D1, D2
10 < H  12

H  8T 0.5

(H  140T 0.5)
 4 inchese

Reinforcedc cement, cement-lime, lime
or soil-cement plaster

 110
A, B, C,

 D0, D1, D2
H  10

H  9T 0.5

(H  157T 0.5)
 6 inches 

Reinforcedc cement, cement-lime, lime
or soil-cement plaster  120

A, B, C,
 D0, D1, D2

H  12
H  9T 0.5

(H  157T 0.5)
 4 inchese
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2. Clay plaster shall not be required to be separated
from untreated wood that is not greater than 11/2

inches (38 mm) in width.

AS105.7 Inspections. The building official shall inspect the
following aspects of strawbale construction in accordance
with Section R109.1:

1. Sill plate anchors, as part of and in accordance with
Section R109.1.1.

2. Mesh placement and attachment, where mesh is
required by this appendix.

3. Pins, where required by and in accordance with Section
AS105.4.

SECTION AS106
STRAWBALE WALLS—STRUCTURAL

AS106.1 General. Plastered strawbale walls shall be permit-
ted to be used as structural walls in one-story buildings in
accordance with the prescriptive provisions of this section.

AS106.2 Loads and other limitations. Live and dead loads
and other limitations shall be in accordance with Section R301
of the International Residential Code. Strawbale wall dead
loads shall not exceed 60 psf (2872 N/m2) per face area of wall.

AS106.3 Foundations. Foundations for plastered strawbale
walls shall be in accordance with Chapter 4.

AS106.4 Configuration of bales. Bales in strawbale struc-
tural walls shall be laid flat or on-edge and in a running bond
or stack bond, except that bales in structural walls with unre-
inforced plasters shall be laid in a running bond only.

AS106.5 Voids and stuffing. Voids between bales in straw-
bale structural walls shall not exceed 4 inches (102 mm) in
width, and such voids shall be stuffed with flakes of straw or
straw-clay, before application of finish.

AS106.6 Plaster on structural walls. Plaster on load-bearing
walls shall be in accordance with Table AS106.12. Plaster on
shear walls shall be in accordance with Table AS106.13(1).

AS106.6.1 Compressive strength. For plaster on straw-
bale structural walls, the building official is authorized to
require a 2-inch (51mm) cube test conforming to ASTM C
109 to demonstrate a minimum compressive strength in
accordance with Table AS106.6.1. 

AS106.7 Straightness of plaster. Plaster on strawbale struc-
tural walls shall be straight, as a function of the bale wall sur-
faces they are applied to, in accordance with all of the following:

1. As measured across the face of a bale, straw bulges
shall not protrude more than 3/4 inch (19.1 mm) across 2
feet (610 mm) of its height or length.

2. As measured across the face of a bale wall, straw bulges
shall not protrude from the vertical plane of a bale wall
more than 2 inches (51 mm) over 8 feet (2438 mm).

3. The vertical faces of adjacent bales shall not be offset
more than 3/8 inch (9.5 mm).

AS106.8 Plaster and membranes. Strawbale structural
walls shall not have a membrane between straw and plaster,
or shall have attachment through the bale wall from one plas-

ter skin to the other in accordance with an approved engi-
neered design.

AS106.9 Mesh. Mesh in plasters on strawbale structural walls,
and where required by Table AS105.4, shall be installed in
accordance with Sections AS106.9.1 through AS106.9.4. 

AS106.9.1 Mesh laps. Mesh required by Table AS105.4
or AS106.12 shall be installed with not less than 4-inch
(102 mm) laps. Mesh required by Table AS106.13(1) or in
walls designed to resist wind uplift of more than 100 plf
(1459 N/m), shall run continuous vertically from sill plate
to the top plate or roof-bearing element, or shall lap not
less than 8 inches (203 mm). Horizontal laps in such mesh
shall be not less than 4 inches (102 mm).

AS106.9.2 Mesh attachment. Mesh shall be attached
with staples to top plates or roof-bearing elements and to
sill plates in accordance with all of the following:

1. Staples. Staples shall be pneumatically driven, stain-
less steel or electro-galvanized, 16 gage with 11/2-inch
(38 mm) legs, 7/16-inch (11.1 mm) crown; or manually
driven, galvanized, 15 gage with 1-inch (25 mm) legs.
Other staples shall be permitted to be used as designed
by a registered design professional. Staples into pre-
servative-treated wood shall be stainless steel.

2. Staple orientation. Staples shall be firmly driven
diagonally across mesh intersections at the required
spacing.

3. Staple spacing. Staples shall be spaced not more
than 4 inches (102 mm) on center, except where a
lesser spacing is required by Table AS106.13(1) or
Section AS106.14, as applicable.

AS106.9.3 Steel mesh. Steel mesh shall be galvanized,
and shall be separated from preservative-treated wood by
Grade D paper, No. 15 roofing felt or other approved bar-
rier.

AS106.9.4 Mesh in plaster. Required mesh shall be
embedded in the plaster except where staples fasten the
mesh to horizontal boundary elements.

AS106.10 Support of plaster skins. Plaster skins on straw-
bale structural walls shall be continuously supported along
their bottom edge. Acceptable supports include: a concrete or
masonry stem wall, a concrete slab-on-grade, a wood-framed
floor blocked with an approved engineered design or a steel

TABLE AS106.6.1
MINIMUM COMPRESSIVE STRENGTH FOR

PLASTERS ON STRUCTURAL WALLS

For SI: 1 pound per square inch = 6894.76 N/m2.

PLASTER TYPE
MINIMUM COMPRESSIVE

STRENGTH
(psi)

Clay 100

Soil-cement 1000

Lime 600

Cement-lime 1000

Cement 1400
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angle anchored with an approved engineered design. A weep
screed as described in Section R702.8.2.1 is not an acceptable
support.

AS106.11 Transfer of loads to and from plaster skins.
Where plastered strawbale walls are used to support superim-
posed vertical loads, such loads shall be transferred to the
plaster skins by continuous direct bearing or by an approved
engineered design. Where plastered strawbale walls are used
to resist in-plane lateral loads, such loads shall be transferred
to the reinforcing mesh from the structural member or assem-
bly above and to the sill plate in accordance with Table
AS106.13(3). 

AS106.12 Load-bearing walls. Plastered strawbale walls
shall be permitted to be used as load-bearing walls in one-story
buildings to support vertical loads imposed in accordance with
Section R301, in accordance with and not more than the allow-
able bearing capacities indicated in Table AS106.12. 

AS106.12.1 Precompression of load-bearing strawbale
walls. Prior to application of plaster, walls designed to be
load bearing shall be precompressed by a uniform load of
not less than 100 plf (1459 N/m).

AS106.12.2 Concentrated loads. Concentrated loads
shall be distributed by structural elements capable of dis-
tributing the loads to the bearing wall within the allowable
bearing capacity listed in Table AS106.12 for the plaster
type used.

AS106.13 Braced panels. Plastered strawbale walls shall be
permitted to be used as braced wall panels for one-story
buildings in accordance with Section R602.10 of the Interna-
tional Residential Code, and with Tables AS106.13(1),
AS106.13(2) and AS106.13(3). Wind design criteria shall be
in accordance with Section R301.2.1. Seismic design criteria
shall be in accordance with Section R301.2.2.

TABLE AS106.12
ALLOWABLE SUPERIMPOSED VERTICAL LOADS (LBS/FOOT) FOR PLASTERED LOAD-BEARING STRAWBALE WALLS

For SI: 1 inch = 25.4mm, 1 pound per foot = 14.5939 N/m.
a. Plasters shall conform to Sections AS104.4.3 through AS104.4.8, AS106.7 and AS106.10. 
b. Any metal mesh allowed by this appendix and installed in accordance with Section AS106.9.
c. In accordance with Section AS106.9.2, except as required to transfer roof loads to the plaster skins in accordance with Section AS106.11.
d. For walls with a different plaster on each side, the lower value shall be used.

WALL DESIGNATION
PLASTERa

(both sides) Minimum
thickness in inches each side

MESHb STAPLESc
ALLOWABLE

BEARING CAPACITYd

(plf)

A Clay 11/2 None required None required 400

B Soil-cement 1 Required Required 800

C Lime 7/8 Required Required 500

D Cement-lime 7/8 Required Required 800

E Cement 7/8 Required Required 800

TABLE AS106.13(1)
PLASTERED STRAWBALE BRACED WALL PANEL TYPES

SI: 1 inch = 25.4 mm
a. Plasters shall conform with Sections AS104.4.3 through AS104.4.8, AS106.7, AS106.8 and AS106.12.
b. Sill plates shall be Douglas fir-larch or southern pine and shall be preservative treated where required by the International Residential Code.
c. Anchor bolts shall be in accordance with Section AS106.13.3 at the spacing shown in this table.
d. Installed in accordance with Section AS106.9.
e. Staples shall be in accordance with Section AS106.9.2 at the spacing shown in this table.

WALL 
DESIGNATION

PLASTERa (both sides)
SILL PLATESb

(nominal size in 
inches)

ANCHOR BOLTc

SPACING 
(inches on center)

MESHd

(inches)

STAPLE 
SPACINGe

(inches on center)Type
Thickness

(minimum in inches 
each side)

A1 Clay 1.5 2  4 32 None None

A2 Clay 1.5 2  4 32
2  2 high-density

polypropylene 2

A3 Clay 1.5 2  4 32 2  2  14 gage 4

B Soil-cement 1 4  4 24 2  2  14 gage 2

C1 Lime 7/8 2  4 32 17-gage woven wire 3

C2 Lime 7/8 4  4 24 2  2  14 gage 2

D1 Cement-lime 7/8 4  4 32 17 gage woven wire 2

D2 Cement-lime 7/8 4  4 24 2  2  14 gage 2

E1 Cement 7/8 4  4 32 2  2  14 gage 2

E2 Cement 1.5 4  4 24 2  2  14 gage 2
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AS106.13.1 Bale wall thickness. The thickness of the
stacked bale wall without its plaster shall be not less than
15 inches (381 mm).

AS106.13.2 Sill plates. Sill plates shall be in accordance
with Table AS106.13(1).

AS106.13.3 Sill plate fasteners. Sill plates shall be fas-
tened with not less than 5/8-inch-diameter (15.9 mm) steel
anchor bolts with 3-inch by 3-inch by 3/16-inch (76.2 mm
by 76.2 mm by 4.8 mm) steel washers, with not less than
7-inch (177.8 mm) embedment in a concrete or masonry
foundation, or shall be an approved equivalent, with the
spacing shown in Table AS106.13(1). Anchor bolts or
other fasteners into framed floors shall be of an approved
engineered design.

AS106.14 Resistance to wind uplift forces. Plaster mesh in
skins of strawbale walls that resist uplift forces from the roof
assembly, as determined in accordance with Section R802.11,
shall be in accordance with all of the following:

1. Plaster shall be any type and thickness allowed in Sec-
tion AS104.

2. Mesh shall be any type allowed in Table AS106.13(1),
and shall be attached to top plates or roof-bearing ele-
ments and to sill plates in accordance with Section
AS106.9.2.

3. Sill plates shall be not less than nominal 2-inch by 4-
inch (51 mm by 102 mm) with anchoring complying
with Section R403.1.6.

4. Mesh attached with staples at 4 inches (51 mm) on cen-
ter shall be considered to be capable of resisting uplift
forces of 100 plf (1459 N/m) for each plaster skin.

5. Mesh attached with staples at 2 inches (51 mm) on cen-
ter shall be considered to be capable of resisting uplift
forces of 200 plf (2918 N/m) for each plaster skin.

TABLE AS106.13(2)
BRACING REQUIREMENTS FOR STRAWBALE BRACED WALL PANELS BASED ON WIND SPEED

For SI: 1 inch = 25.4 mm, 1 foot = 305 mm, 1 mile per hour = 0.447 m/s.
a. Linear interpolation shall be permitted.
b. All braced wall panels shall be without openings and shall have an aspect ratio (H:L)  2:1. 
c. Tabulated minimum total lengths are for braced wall lines using single braced wall panels with an aspect ratio (H:L)  2:1, or using multiple braced wall

panels with aspect ratios (H:L)  1:1. For braced wall lines using two or more braced wall panels with an aspect ratio (H:L) > 1:1, the minimum total length
shall be multiplied by the largest aspect ratio (H:L) of braced wall panels in that line.

d. Subject to applicable wind adjustment factors associated with “All methods” in Table R602.10.3(2)
e. Strawbale braced panel types indicated shall comply with Sections AS106.13.1 through AS106.13.3 and with Table AS106.13(1).

• EXPOSURE CATEGORY Bd

• 25-FOOT MEAN ROOF HEIGHT
• 10-FOOT EAVE-TO-RIDGE HEIGHTd

• 10-FOOT WALL HEIGHTd

• 2 BRACED WALL LINESd

MINIMUM TOTAL LENGTH (FEET) OF STRAWBALE BRACED WALL
PANELS REQUIRED ALONG EACH BRACED WALL LINEa, b, c, d

Basic wind speed
(mph) Story location Braced wall line 

spacing (feet)
Strawbale braced wall 

panele  A2, A3
Strawbale braced wall

panele C1, C2, D1
Strawbale braced wall

panele D2, E1, E2

 85 One-story building

10
20
30
40
50
60

6.4
8.5

10.2
13.3
16.3
19.4

3.8
5.1
6.1
6.9
7.7
8.3

3.0
4.0
4.8
5.5
6.1
6.6

 90 One-story building

10
20
30
40
50
60

6.4
9.0

11.2
15.3
18.4
21.4

3.8
5.4
6.4
7.4
8.1
8.8

3.0
4.3
5.1
5.9
6.5
7.0

 100 One-story building

10
20
30
40
50
60

7.1
10.2
14.3
18.4
22.4
26.5

4.3
6.1
7.2
8.1
9.0
9.8

3.4
4.8
5.7
6.5
7.1
7.8

 110 One-story building

10
20
30
40
50
60

7.8
12.2
17.3
22.4
26.5
31.6

4.7
6.6
7.9
9.0
9.8

11.4

3.7
5.3
6.3
7.1
7.8
8.5
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SECTION AS107
FIRE RESISTANCE

AS107.1 Fire-resistance rating. Strawbale walls shall be
considered to be nonrated, except for walls constructed in
accordance with Section AS107.1.1 or AS107.1.2. Alter-
nately, fire-resistance ratings of strawbale walls shall be
determined in accordance with Section R302 of the Interna-
tional Residential Code.

AS107.1.1 One-hour rated clay plastered wall. One-
hour fire-resistance-rated nonload-bearing clay plastered
strawbale walls shall comply with all of the following:

1. Bales shall be laid flat or on-edge in a running bond. 

2. Bales shall maintain thickness of not less than 18
inches (457 mm).

3. Gaps shall be stuffed with straw-clay.

4. Clay plaster on each side of the wall shall be not less
than 1 inch (25 mm) thick and shall be composed of
a mixture of 3 parts clay, 2 parts chopped straw and 6
parts sand, or an alternative approved clay plaster.

5. Plaster application shall be in accordance with Sec-
tion AS104.4.3.3 for the number and thickness of
coats.

AS107.1.2 Two-hour rated cement plastered wall. Two-
hour fire-resistance-rated nonload-bearing cement plas-
tered strawbale walls shall comply with all of the following:

1. Bales shall be laid flat or on-edge in a running bond.

2. Bales shall maintain a thickness of not less than 14
inches (356 mm).

3. Gaps shall be stuffed with straw-clay.

4. 11/2-inch (38 mm) by 17-gage galvanized woven
wire mesh shall be attached to wood members with
11/2-inch (38 mm) staples at 6 inches (152 mm) on
center. 9 gage U-pins with not less than 8-inch (203
mm) legs shall be installed at 18 inches (457 mm) on
center to fasten the mesh to the bales.

5. Cement plaster on each side of the wall shall be not
less than 1 inch (25 mm) thick.

6. Plaster application shall be in accordance with Sec-
tion AS104.4.8 for the number and thickness of
coats. 

AS107.2 Openings in rated walls. Openings and penetra-
tions in bale walls required to have a fire-resistance rating
shall satisfy the same requirements for openings and penetra-
tions as prescribed in the International Residential Code.

TABLE AS106.13(3)
BRACING REQUIREMENTS FOR STRAWBALE BRACED WALL PANELS BASED ON SEISMIC DESIGN CATEGORY

For SI: 1 inch = 25.4 mm, 1 foot = 305 mm, 1 pound per square foot = 0.0479 kPa.
a. Linear interpolation shall be permitted.
b. Braced wall panels shall be without openings and shall have an aspect ratio (H:L)  2:1. 
c. Tabulated minimum total lengths are for braced wall lines using single braced wall panels with an aspect ratio (H:L)  2:1, or using multiple braced wall

panels with aspect ratios (H:L)  1:1. For braced wall lines using two or more braced wall panels with an aspect ratio (H:L) > 1:1, the minimum total length
shall be multiplied by the largest aspect ratio (H:L) of braced wall panels in that line.

d. Subject to applicable seismic adjustment factors associated with “All methods” in Table R602.10.3(4), except “Wall dead load.”
e. Strawbale braced wall panel types indicated shall comply with Sections AS106.13.1 through AS106.13.3 and Table AS106.13(1).

• SOIL CLASS Dd

• WALL HEIGHT = 10 FEETd

• 15 PSF ROOF-CEILING DEAD LOADd

• BRACED WALL LINE SPACING  25 FEETd

MINIMUM TOTAL LENGTH (FEET) OF STRAWBALE 
BRACED WALL PANELS REQUIRED ALONG EACH 

BRACED WALL LINEa, b, c, d

Seismic Design Category Story location Braced wall line length
(feet)

Strawbale Braced Wall 
Panele A2, C1, C2, D1

Strawbale Braced Wall
Panele B, D2, E1, E2

C One-story building

10
20
30
40
50

5.7
8.0
9.8
12.9
16.1

4.6
6.5
7.9
9.1
10.4

D0 One-story building

10
20
30
40
50

6.0
8.5
10.9
14.5
18.1

4.8
6.8
8.4
9.7
11.7

D1 One-story building

10
20
30
40
50

6.3
9.0
12.1
16.1
20.1

5.1
7.2
8.8
10.4
13.0

D2 One-story building

10
20
30
40
50

7.1
10.1
15.1
20.1
25.1

5.7
8.1
9.9
13.0
16.3
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AS107.3 Clearance to fireplaces and chimneys. Strawbale
surfaces adjacent to fireplaces or chimneys shall be finished
with not less than 3/8-inch (10 mm) thick plaster of any type
permitted by this appendix. Clearance from the face of such
plaster to fireplaces and chimneys shall be maintained as
required from fireplaces and chimneys to combustibles in
Chapter 10, or as required by manufacturer’s instructions,
whichever is more restrictive.

SECTION AS108
THERMAL INSULATION

AS108.1 R-value. The unit R-value of a strawbale wall with
bales laid flat is R-1.3 per inch of bale thickness. The unit R-
value of a strawbale wall with bales on-edge is R-2 per inch
of bale thickness.

SECTION AS109
REFERENCED STANDARDS

ASTM

C 5—10 Standard Specification for Quicklime
for Structural Purposes .................AS104.4.6.1

C 109/C
109M—12 Standard Test Method for

Compressive Strength of
Hydraulic Cement Mortars ..............AS106.6.1

C 141/C
141M—09 Standard Specification for Hydrated

Hydraulic Lime for Structural
Purposes........................................AS104.4.6.1

C 206—03 Standard Specification for Finishing
Hydrated Lime............................. AS104.4.6.1

C 926—12a Standard Specification for Application
of Portland Cement Based
Plaster ...........................AS104.4.7, AS104.4.8

C 1707—11 Standard Specification
for Pozzolanic Hydraulic
Lime for Structural Purposes ........AS104.4.6.1

EN

459—2010 Part 1: Building Lime. Definitions,
Specifications and Conformity Criteria;
Part 2: Test Methods.....................AS104.4.6.1
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APPENDIX T

RECOMMENDED PROCEDURE FOR WORST-CASE TESTING
OF ATMOSPHERIC VENTING SYSTEMS UNDER

N1102.4 OR N1105 CONDITIONS  5ACH50

(This appendix is informative and is not part of the code.)

SECTION T101
SCOPE

T101.1 General. This appendix is intended to provide guide-
lines for worst-case testing of atmospheric venting systems.
Worst-case testing is recommended to identify problems that
weaken draft and restrict combustion air.

SECTION T202
GENERAL DEFINITIONS

COMBUSTION APPLIANCE ZONE (CAZ). A contiguous
air volume within a building that contains a Category I or II
atmospherically vented appliance or a Category III or IV
direct-vent or integral vent appliance drawing combustion air
from inside the building or dwelling unit. The CAZ includes,
but is not limited to, a mechanical closet, a mechanical room or
the main body of a house or dwelling unit.

DRAFT. The pressure difference existing between the appli-
ance or any component part and the atmosphere that causes a
continuous flow of air and products of combustion through
the gas passages of the appliance to the atmosphere.

Mechanical or induced draft. The pressure difference
created by the action of a fan, blower or ejector that is
located between the appliance and the chimney or vent ter-
mination.

Natural draft. The pressure difference created by a vent
or chimney because of its height and the temperature dif-
ference between the flue gases and the atmosphere.

SPILLAGE. Combustion gases emerging from an appliance
or venting system into the combustion appliance zone during
burner operation.

SECTION T301
TESTING PROCEDURE

T301.1 Worst-case testing of atmospheric venting systems.
Buildings or dwelling units containing a Category I or II atmo-
spherically vented appliance; or a Category III or IV direct-
vent or integral vent appliance drawing combustion air from
inside of the building or dwelling unit, shall have the Combus-
tion Appliance Zone (CAZ) tested for spillage, acceptable
draft and carbon monoxide (CO) in accordance with this Sec-
tion. Where required by the code official, testing shall be con-
ducted by an approved third party. A written report of the
results of the test shall be signed by the party conducting the
test and provided to the code official. Testing shall be per-

formed at any time after creation of all penetrations of the
building thermal envelope and prior to final inspection.

Exception: Buildings or dwelling units containing only
Category III or IV direct-vent or integral vent appliances
that do not draw combustion air from inside of the build-
ing or dwelling unit.

The enumerated test procedure as follows shall be com-
plied with during testing:

1. Set combustion appliances to the pilot setting or turn
off the service disconnects for combustion appliances.
Close exterior doors and windows and the fireplace
damper. With the building or dwelling unit in this con-
figuration, measure and record the baseline ambient
pressure inside the building or dwelling unit CAZ.
Compare the baseline ambient pressure of the CAZ to
that of the outside ambient pressure and record the dif-
ference (Pa).

2. Establish worst case by turning on the clothes dryer and
all exhaust fans. Close interior doors that make the
CAZ pressure more negative. Turn on the air handler,
where present, and leave on if, as a result, the pressure
in the CAZ becomes more negative. Check interior
door positions again, closing only the interior doors
that make the CAZ pressure more negative. Measure
net change in pressure from the CAZ to outdoor ambi-
ent pressure, correcting for the base ambient pressure
inside the home. Record “worst case depressurization”
pressure and compare to Table T301.1(1).

Where CAZ depressurization limits are exceeded
under worst-case conditions in accordance with Table
T301.1(1), additional combustion air shall be provided
or other modifications to building air-leakage perfor-
mance or exhaust appliances such that depressurization
is brought within the limits prescribed in Table
T301.1(1).

3. Measure worst-case spillage, acceptable draft and car-
bon monoxide (CO) by firing the fuel-fired appliance
with the smallest Btu capacity first.

a. Test for spillage at the draft diverter with a mirror or
smoke puffer. An appliance that continues to spill
flue gases for more than 60 seconds fails the spillage
test.

b. Test for CO measuring undiluted flue gases in the
throat or flue of the appliance using a digital gauge
in parts per million (ppm) at the 10-minute mark.
Record CO ppm readings to be compared with Table
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T301.1(3) upon completion of Step 4. Where the
spillage test fails under worst case, go to Step 4. 

c. Where spillage ends within 60 seconds, test for
acceptable draft in the connector not less than 1 foot
(305 mm), but not more than 2 feet (610 mm) down-
stream of the draft diverter. Record draft pressure
and compare to Table T301.1(2).

d. Fire all other CONNECTED appliances simultane-
ously and test again at the draft diverter of each
appliance for spillage, CO and acceptable draft
using procedures 3a through 3c.

4. Measure spillage, acceptable draft, and carbon monox-
ide (CO) under natural conditions—without clothes

dryer and exhaust fans on—in accordance with the pro-
cedure outlined in Step 3, measuring the net change in
pressure from worst case condition in Step 3 to natural
in the CAZ to confirm the worst case depressurization
taken in Step 2. Repeat the process for each appliance,
allowing each vent system to cool between tests.

5. Monitor indoor ambient CO in the breathing zone con-
tinuously during testing, and abort the test where
indoor ambient CO exceeds 35 ppm by turning off the
appliance, ventilating the space, and evacuating the
building. The CO problem shall be corrected prior to
completing combustion safety diagnostics.

6. Make recommendations based on test results and the
retrofit action prescribed in Table T301.1(3).

TABLE T301.1(1)
CAZ DEPRESSURIZATION LIMITS

For SI: 6894.76 Pa = 1.0 psi.

VENTING CONDITION LIMIT (Pa)

Category I, atmospherically vented water heater –2.0

Category I or II atmospherically vented boiler or furnace common vented with a Category I atmospherically
vented water heater –3.0

Category I or II atmospherically vented boiler or furnace, equipped with a flue damper, and common vented
with a Category I atmospherically vented water heater

–5.0
Category I or II atmospherically vented boiler or furnace alone

Category I or II atmospherically vented, fan-assisted boiler or furnace common vented with a Category I
atmospherically vented water heater

Decorative vented, gas appliance

Power vented or induced-draft boiler or furnace alone, or fan-assisted water heater alone –15.0

Category IV direct-vented appliances and sealed combustion appliances –50.0

TABLE T301.1(2)
ACCEPTABLE DRAFT TEST CORRECTION

For SI: 6894.76 Pa = 1.0 psi.

OUTSIDE TEMPERATURE (°F) MINIMUM DRAFT PRESSURE REQUIRED (Pa)

< 10 –2.5

10 – 90 (Outside Temperature ÷ 40) – 2.75

> 90 –0.5

TABLE T301.1(3)
ACCEPTABLE DRAFT TEST CORRECTION

CARBON DIOXIDE LEVEL
(ppm)

AND
OR

SPILLAGE AND ACCEPTABLE DRAFT
TEST RESULTS RETROFIT ACTION

0 – 25 and Passes Proceed with work

25 <   100 and Passes Recommend that CO problem be resolved

25 <   100 and Fails in worst case only Recommend an appliance service call and repairs 
to resolve the problem

100 <   400 or Fails under natural conditions Stop! Work shall not proceed until appliance is 
serviced and problem resolved

> 400 and Passes Stop! Work shall not proceed until appliance is 
serviced and problem resolved

> 400 and Fails under any condition Emergency! Shut off fuel to appliance and call 
for service immediately
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APPENDIX U

SOLAR-READY PROVISIONS—DETACHED ONE- AND
TWO-FAMILY DWELLINGS, MULTIPLE SINGLE-

FAMILY DWELLINGS (TOWNHOUSES)

(The provisions contained in this appendix are not mandatory unless specifically referenced in the adopting ordinance.)

SECTION U101
SCOPE

U101.1 General. These provisions shall be applicable for
new construction where solar-ready provisions are required.

SECTION U102
GENERAL DEFINITIONS

SOLAR-READY ZONE. A section or sections of the roof or
building overhang designated and reserved for the future
installation of a solar photovoltaic or solar thermal system.

SECTION U103
SOLAR-READY ZONE

U103.1 General. New detached one- and two-family dwell-
ings, and multiple single-family dwellings (townhouses) with
not less than 600 square feet (55.74 m2) of roof area oriented
between 110 degrees and 270 degrees of true north shall com-
ply with sections U103.2 through U103.8.

Exceptions:

1. New residential buildings with a permanently
installed on-site renewable energy system.

2. A building with a solar-ready zone that is shaded for
more than 70 percent of daylight hours annually.

U103.2 Construction document requirements for solar
ready zone. Construction documents shall indicate the solar-
ready zone.

U103.3 Solar-ready zone area. The total solar-ready zone
area shall be not less than 300 square feet (27.87 m2) exclu-
sive of mandatory access or set back areas as required by the
International Fire Code. New multiple single-family dwell-
ings (townhouses) three stories or less in height above grade
plane and with a total floor area less than or equal to 2,000
square feet (185.8 m2) per dwelling shall have a solar-ready
zone area of not less than 150 square feet (13.94 m2). The
solar-ready zone shall be composed of areas not less than 5
feet (1.52 m) in width and not less than 80 square feet (7.44
m2) exclusive of access or set back areas as required by the
International Fire Code.

U103.4 Obstructions. Solar-ready zones shall be free from
obstructions, including but not limited to vents, chimneys,
and roof-mounted equipment. 

U103.5 Roof load documentation. The structural design
loads for roof dead load and roof live load shall be clearly
indicated on the construction documents.

U103.6 Interconnection pathway. Construction documents
shall indicate pathways for routing of conduit or plumbing
from the solar-ready zone to the electrical service panel or
service hot water system.

U103.7 Electrical service reserved space. The main electri-
cal service panel shall have a reserved space to allow installa-
tion of a dual pole circuit breaker for future solar electric
installation and shall be labeled “For Future Solar Electric.”
The reserved space shall be positioned at the opposite (load)
end from the input feeder location or main circuit location. 

U103.8 Construction documentation certificate. A perma-
nent certificate, indicating the solar-ready zone and other
requirements of this section, shall be posted near the electri-
cal distribution panel, water heater or other conspicuous loca-
tion by the builder or registered design professional.
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AUTOMATIC FIRE SPRINKLER SYSTEMS  . . . R313
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SIGNIFICANT CHANGES TO THE IBC, 2015 EDITION
#7024S15

SIGNIFICANT CHANGES TO THE IRC, 2015 EDITION
#7101S15
SIGNIFICANT CHANGES TO THE IFC, 2015 EDITION
#7404S15 
SIGNIFICANT CHANGES TO THE IPC/IMC/IFGC,  
2015 EDITION
#7202S15

Valuable Guides to Changes in  
the 2015 I-Codes®

SIGNIFICANT CHANGES TO THE 2015 INTERNATIONAL CODES®

Practical resources that offer a comprehensive analysis of the critical changes made between 
the 2012 and 2015 editions of the codes. Authored by ICC code experts, these useful tools are 
“must-have” guides to the many important changes in the 2015 International Codes.

ORDER YOUR HELPFUL GUIDES TODAY! 
1-800-786-4452   |  www.iccsafe.org/books

NEW!
FULL COLOR! HUNDREDS OF PHOTOS AND ILLUSTRATIONS!

Changes are identified 
then followed by in-depth 
discussion of how the 
change affects real world 
application. Photos, tables 
and illustrations further 
clarify application.

HIRE ICC TO TEACH
Want your group to learn the Significant Changes to the I-Codes from an ICC expert instructor?  
Schedule a seminar today!
email: ICCTraining@iccsafe.org  |  phone: 1-888-422-7233 ext. 33818  

Ü

14-09379

 People Helping People Build a Safer World®
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Code Officials –– Contact Us With Your Questions About ICC-ES Reports at: 
800-423-6587 ext. ES help (374357) or email EShelp@icc-es.org
www.icc-es.org

Subsidiary of14-09329

• ICC-ES® Evaluation Reports are the most widely accepted and trusted in the nation.

• ICC-ES is dedicated to providing evaluation reports, PMG and Building Product Listings to 
the highest quality and technical excellence.

• ICC-ES is a subsidiary of ICC®, the publisher of the IBC®, IRC®, IPC® and other I-Codes®.

We do thorough evaluations. You approve with confidence.

APPROVE WITH

Look for the ICC-ES marks of conformity before approving for installation
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Get Immediate Downloads of 
the Standards You Need
Browse hundreds of industry standards adopted by reference. 
Available to you 24/7!

Count on ICC for standards from a variety of publishers, including:

People Helping People Build a Safer World®

Download Your Standards Today!
www.iccsafe.org/books

14-09376

ACI

AISC

ANSI

APA

APSP

ASHRAE

ASTM

AWC

CPSC

CSA 

DOC

DOJ

DOL

DOTn
FEMA

GBI

Gypsum

HUD

ICC

ISO

NSF

SMACNA

USC
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Growing your career is what 
ICC Membership is all about
As your building career grows, so does the need to expand your code knowledge and job skills. Whether 
you’re seeking a higher level of certification or professional quality training, Membership in ICC offers the 
best in I-Code resources and training for growing your building career today and for the future.

•  Learn new job skills to prepare for a higher level of responsibility within your organization
•  Improve your code knowledge to keep pace with the latest International Codes (I-Codes)
•  Achieve additional ICC Certifications to open the door to better job opportunities

Plus, an affordable ICC Membership provides exclusive Member-only benefits including:
•  Free code opinions from I-Code experts
•  Free I-Code book(s) to new Members*

•   Access to employment opportunities in the ICC Career Center
•   Discounts on professional training & Certification renewal exams
•   Savings of up to 25% off on code books & training materials
•   Free benefits - Governmental Members: Your staff can receive free ICC benefits too*
•  And much more!

Join the International Code Council (ICC) and start growing your building career now! 
Visit our Member page at www.iccsafe.org/membership for an application. 
*Some restrictions apply. Speak with an ICC Member Services Representative for details.

 People Helping People Build a Safer World®
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