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INTRODUCTION  u  KEY

Based on Chapters 1 through 11 of the 2006 International Residential Code®

For more information on the Building, Electrical, Mechanical and Plumbing codes, valuable resources, and why Benjamin Franklin is featured in the Code Check series, visit: www.codecheck.com

Code Check Building is a 
condensed guide to the build-
ing portions of the 2006 

International Residential Code (IRC) 
for One- & Two-Family Dwellings. Most 
building jurisdictions around the coun-
try have either adopted the IRC or a 
code that is based upon it. The IRC 
is prescriptive and simpler to use than 
the International Building Code (IBC), 
or the legacy codes that preceded the 
IBC. For example, the IBC has differ-
ent occupancy categories for garages 
and for dwellings, and users must 
move back and forth between different 
chapters to find all the rules for the 
fire-resistive construction to separate 
the two occupancies. The IRC simply 
prescribes the covering that must be 
on the garage side. 

KEY

Each text line ends with an IRC code reference in brackets, ex:

n	 Ceiling height in habitable spaces min 7ft_____________________________[305.1]
The rule for minimum ceilings heights in habitable spaces is found in section 305.1. 
Note: In the IRC, the number is actually R305.1. We have omitted the letter at the 
beginning to save space and include more information on each line.
A colored code citation followed by a superscript number indicates a change from the 
2003 edition of the IRC, ex:

n	 Unrated walls min 5ft to property line___________________________ [302.1]1

This rule changed in the 2006 edition. The change is explained as item #1 on the 
list of significant code changes on the inside back cover. 

T1 refers to Code Check Building Table 1, ex:

n	 Determine Seismic Design Category T1_______________________[301.2.2.1]

F1 refers to Code Check Building Figure 1, ex:

n	 Setbacks and clearances to slopes >1 vert: 3 horiz F1____________ [403.1.7]

The word “OR” at the end of the line means that an alternative rule follows.

The word “EXC” at the end of the line means that a code exception follows.

In 1735, Benjamin Franklin organized 
the first volunteer fire department in 
Philadelphia which still remains the 

model for U.S. fire departments.



2BUILDINGCODES  u  ABBREVIATIONS

REFERENCE DOCUMENTS

The IRC is part of the suite of codes published by the International Code Council. It is 
limited to one- and two-family dwellings and townhouses not more than 3 stories above 
grade. It is a prescriptive document containing rules and instructions. When aspects of 
a building exceed the scope of the IRC, the International Building Code is a more 
comprehensive document, containing engineering regulations for structural design. It is 
acceptable to use any of the specific performance-based provisions of the International 
Codes as an alternative to the prescriptive rules in the IRC.

The American Concrete Institute publishes two documents that can be used as 
alternates to the prescriptive rules of the IRC. These are: ACI 318 – Building Code 
Requirements for Structural Concrete, and ACI 530 – Building Code Requirements 
for Masonry Structures.   

The Truss Plate Institute publishes TPI 1 - National Design Standard for Metal Plate 
Connected Wood Truss Construction, and contributes to BCSI 1-03 Guide to Good 
Practice for Handling, Installing & Bracing of Metal Plate Connected Wood Trusses.

SEQUENCE OF THIS BOOK

The IRC building portions are arranged in the following “from the ground up” se-
quence: (1) Administration, (2) Definitions, (3) Planning, (4) Foundations, (5) Floors, 
(6) Wall Construction, (7) Wall Coverings, (8) Roof-Ceiling Construction, (9) Roof 
Assemblies, and (10) Chimneys and Fireplaces. This book follows the same basic 
sequence, with more detailed sections near the end on egress, fire protection, and 
safety glazing.

Seismic Design Categories

The IRC assigns all buildings a seismic design category (SDC) from A to E. SDC A 
is the least likely to experience seismic damage and E the most vulnerable. 

Category D is broken into three sub-parts, D0, D1 & D2. The D0 designation is new in 
the 2006 IRC. Buildings in SDC E must be designed to the International Building 
Code. In some cases, the local building official can designate them as belonging to 
SDC D2 provided shear walls are in one plane from the foundation to the upper-
most story, there are no cantilevers, and the building has a regular shape.

Abbreviations 

ACI	 =	 American Concrete Institute

AMI	 = 	 in accordance with  

			   manufacturer’s instructions

ASTM	=	 American Society for Testing 	

			   & Materials

bldg	 =	 building

BO	 =	 building official

cfm	 =	 cubic feet per minute

CMU	 =	 concrete masonry units

exc	 =	 except

EXC	 =	 exception to rule will follow 	

			   in the next line

ft	 =	 feet

horiz	 =	 horizontal

hr	 =	 hour 

IBC	 =	 International Building Code

in	 =	 inches

L&L 	 =	  listed and labeled

max	 =	 maximum

min	 =	 minimum

o.c.	 =	 on center

PL	 =	 property line

PT	 =	 pressure treated

psf	 =	 pounds per square foot

psi	 =	 pounds per square inch

req	 =	 require

req’d	 =	 required

reqs	 =	 requires

SDC	 =	 Seismic Design Category

TJI®	 =	 manufactured I-joists* 

vert	 =	 vertical

w/	 = 	 with

w/o	 =	 without

* TJI® is a trademark of Trus Joist™, a Weyer-
haeuser business
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Roof Surfaces pp.42-45

Chimneys pp.46-47

Fireblocking p.52

Drainage p.19

Footings & Foundations 
pp.9-17

Sills p.21

Rebar 
p.9,13-17

Basement Walls 
pp.12-19Underfloor

Space p.21

Slabs p.20

Floor Frame pp.24-27

Wall Frame  
pp.28-30

Roof Framing & Trusses pp.40-41
Attics p.35

Exterior Wall Covers pp.36-38

Windows & Doors 
pp.35&51

Insulation p.35

Egress pp.48-49
Posts, Columns & 
Girders pp.22-23

Stairs pp.50-51

Safety Glass pp.54-55

Structural Panels pp.32-33

fig. 1

The Building System

Grading 
p.8

Soils p.7
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fig. 3 Buildings Near Slopes >1:3

Face of footing

Face of footingTop of slope

Toe of slope
H H/3

(need not be > 40ft.)

Foundation footings must not be too close to top or toe of slope.

Footing to toe = H/2 
but need not exceed 15 ft.

site grading
Site grading must establish a foundation height that will allow positive drainage 
slope away from the building, while at the same time not creating a situation where 
the foundation is placed on fill, other than engineered and compacted fill. The basic 
rule is to have positive slope for 10 feet in all directions from the building, with sur-
face drainage directed to a storm sewer or equivalent. A new rule in the 2006 IRC 
allows an exception for situations where the building is close to the property line or 
there are physical barriers that prevent positive slope for 10 feet. In those cases, 
the grading can have a 5% slope to a swale.

Slope/Grade 	
n	 Surface graded away from foundation min 6in/10ft F5 EXC__________ [401.3]
	 5% slope to swale OK when barrier prevents 6in/10ft_ ___________ [401.3X]5

n	 Swale min slope 2% when closer than 10ft to bldg________________[401.3X]
n	 Setbacks & clearances to slopes >1 vert: 3 horiz F3______________ [403.1.7]
n	 Setbacks & clearances to slopes >1 vert: 1 horiz F4______________ [403.1.7]
n	 Alternate setbacks permitted w/ approval of BO________________ [403.1.7.4]
n	 Graded site—top of foundation min 12in+2% above street drain F5_[403.1.7.3]

fig. 5

Elevation of foundation 
above street gutter =  
12 in. + 2% of X

Street
X

Final grade slope min. 6 in. within first 10 ft.

Site Grading

fig. 4 Buildings Near Slopes >1:1

Face of 
footing

Measure setback distance as shown

Top of slope

Toe of
slope

Angles 45˚ from horiz.

H

Footing to toe = H/2 
but need not exceed 15 ft.

H/3
(need not be > 40ft.)
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Footings
The foundation footing must be capable of supporting all loads transmitted to it, 
including the dead loads, live loads, and environmental loads. Footings must be 
supported on previously undisturbed material or on engineered fill; care must be 
taken in grading a site to ensure that footings are not cast on unconsolidated 
soil. The footing is typically cast monolithically with the foundation on houses with 
crawlspaces and “inverted T” foundations, or slabs-on-grade.

 Footings 	
n	 Depth min 12in into undisturbed native soil or engineered fill F6__ [403.1.4, 403.1]
n	 Must extend below frost line or be frost-protected_______________[403.1.4.1]
n	 Width per T5______________________________________________ [403.1.1]
n	 Min. thickness 6in___________________________________________ [403.1.1]
n	 Min projection past foundation 2in each side, max projection ≤footing  
	 thickness F6_______________________________________________ [403.1.1]
n	 SDC D0, D1 & D2 monolithic slab interior footings below 
	 bearing or braced walls min 12in deep from top of slab_________ [403.1.4.2]6

n	 Foundations & slabs on expansive soil req design to prevent uplift_ _ [403.1.8]
n	 Top surface of all footings level________________________________ [403.1.5]
n	 Bottom surface of footings max slope 1:10 (create steps where necessary) _[403.1.5]

Table 5
Min. Width of Concrete or Masonry  

Footings (in inches) [T403.1]

Construction Type # of 
Stories

Load Bearing Value of SoilA (psf)

1,500 2,000 3,000 ≥4,000

Conventional light-
frame construction

1 12 12 12 12

2 15 12 12 12

3 23 17 12 12

4 in. brick veneer over 
frame or 8 in. hollow-

concrete masonry

1 12 12 12 12

2 21 16 12 12

3 32 24 16 12

8 in. solid or fully 
grouted masonry

1 16 12 12 12

2 29 21 14 12

3 42 32 21 16

A. See T3 for vertical load-bearing values of different soil types.

Forms
Foundation forms contain concrete while it is still in its fluid state & provide protec-
tion for reinforcing steel & other elements that are to be permanently embedded. 
Forms must not be removed until the concrete is sufficiently cured, & all traces of 
wood forms must be removed to prevent any potential wood-destroying organism 
from entering the building.

Forms 	
n	 Size per tables T7,9,10_____________________________________[404.1.1,2]
n	 Pipe penetrations must be sleeved_ ____________________________[2603.5]
n	 Excavation free of debris & roots__________________________[408.5, 506.2]
n	 Wood beam connections 1⁄2in air space on 3 sides F7_____________ [319.1]
n	 Foundation wall to extend min 6in above finish grade EXC_________ [404.1.6]
	 4in OK if masonry veneer to be used___________________________ [404.1.6]

Table 4 Reinforcing Steel CoverA 

Foundation Surface Min. Cover
≤# 5 bars

Min. Cover
≥# 6 bars

Concrete cast against & permanently 
exposed to earth 3in. 3in.

Concrete exposed to earth or weather 1in. 2in.

Not exposed to weather, e.g. top of indoor 
slab

3/4in.
3/4in. up to 
# 11 bars

A. The cover in this table is recommended by ACI 318, Building Code Requirements for Structural Concrete.  
This document is the industry standard for proper practices. These #’s are not specifically a part of the IRC.
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FIG. 6

Rebar 3in. min. clearance 
to soil; use dobies or wire 
chairs, not bricks

Min. 12in.
below frost 
line per BO

Dobie

T Foundation with 
Box Forms

Soil backfill added 
after stakes & box 
forms removed

Box 
form

Pressure-treated wood
(recommended) under beam

Plan view

Must leave 1⁄2in.  
clearance around beam

Foundation
wall

Beam 

FIG. 7

Beam Pocket

Concrete
Concrete must have sufficient strength for the application and environment.  
Hi-strength concrete (>2,500 psf) might require special inspections (table 2). In 
general, the more northern the latitude, the more severe the weathering potential. 
ACI 318 defines the testing standards for concrete.

Mixing and Strength 	
Min compressive strength per T6__________________________________ [402.2]
Materials and testing to conform to ACI 318_________________________ [402.2]

Table 6
 Min. Compressive Strength of Concrete  

(at 28 days) in psi [T402.2]

Type or Location of  
Concrete Construction

Weathering Potential

Negligible Moderate Severe

Basement walls, foundations & other  
concrete not exposed to the weather

2,500 2,500 2,500a

Basement slabs & interior slabs on grade, 
except garage floor slabs

2,500 2,500 2,500a

Basement & foundation walls, exterior walls 
& other vertical concrete exposed to weather

2,500 3,000 b 3,000b

Porches, carport slabs & steps exposed to 
the weather, & garage floor slabs

2,500 3,000b,c 3,500b,c

A. Must be air-entrained if exposed to freeze-thaw during construction.
B. Air-entrainment req’d. Air content between 5 & 7 percent by volume of concrete.
C. Garage floor slab air-entrainment may be reduced to 3 percent if strength increased to 4,000 psi.
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Code 3Check® Plumbing Third Edition

Codes ending in numbers separated by commas refer to multiple code sections,
ex: [1802.1,2407.3] = IRC sections 1802.1 and 2407.3. A colored code citation 
with a superscript number indicates a change in the code. 
ex: [3005.2.9]9  refers to a code change in the IRC, listed as #9 in the code 
change summary on p. 120.

Example (from p. 68)
n	 Sleeve pipes through footings, fndns  
	 {& concrete floors}{does not apply to bored holes}____[2603.5]	 {313.10.1}1

The IRC and UPC require a sleeve around any pipe passing through footings and 
foundations. In addition, the UPC requires a sleeve for pipes passing through 
concrete floors. The braces indicate that the rule for floors is only in the UPC, not 
the IRC. The different color for the UPC citation tells us it is a code change, and 
the superscript 1 tells us the change is #1 in the list on the p.120.

Example (from p. 86)
n	 Vent connection at interconnection of fixt drains OR_ ___ [3107.2]	 {905.6}
 	 [Downstream of interconnection] F23,34____________ [3107.2]	 {Ø}

In the IRC, a vent may connect where fixture drains are joined or downstream from 
where they connect. In the UPC, they must connect where they are joined. These 
practices are shown in Figures 23 and 34. 

Code Check Plumbing is based on the 2006 International Residential 
Code and the 2006 Uniform Plumbing Code—the two most widely used 
residential plumbing codes. For areas that using older code editions, this 

book has a feature that highlights recent code changes and summarizes them on 
pp. 120–121. Before beginning a building project, we recommend checking with 
your local building department to determine which codes are used in your area.

key to using code check plumbing  

Code references are followed by two bracketed numbers, ex:
n	 Code reference T1,F1_____________________________ [123.4]	 {123.4}

Code numbers on left, in brackets, ex: [123.4], refer to IRC codes.
Code numbers on right, in braces, ex: {123.4}, refer to UPC codes.
T1 refers to Table 1.   F1 refers to Figure 1.
[manu] = Typically required by manufacturer’s installation instructions.
[2407.15X] = An X after a code number refers to an exception in code.
EXC = When placed at end of text line signals an exception in following line.
OR = When placed at end of text line signals an alternative in following line.
n/a] = not addressed by the IRC. {n/a} = not addressed by the UPC.
[Ø] = Prohibited by the IRC.  {Ø} = Prohibited by the UPC.
[brackets] or {braces} in a text line restrict that text to the [IRC] or {UPC} codes.

By DOUGLAS HANSEN, Redwood Kardon, and MICHAEL CASEY
Illustrations and Layout: Paddy Morrissey

© 2007 by The Taunton Press, Inc.  ISBN 1-56158-595-5
Code Check® is a registered trademark of The Taunton Press, Inc., registered in the U.S. Patent and Trademark Office.

For more information on the building, electrical and mechanical codes, valuable resources, and why Benjamin Franklin is featured in the Code Check series, visit www.codecheck.com
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AAV(s) = air admittance valve(s)
ABS = acrylonitrile-butadiene-styrene 	
	 drain (black plastic drain pipe)
ACH = air changes per hour
AHJ = authority having jurisdiction 	
	 (agent of building official)
appl(s) = appliance(s)
AWG = American wire gauge
B (vent) = double-walled gas  
		  appliance flue
BA = bathroom
bldg(s) = building(s)
BO = building official
BR = bedroom
BT = bathtub
Btu(s) = British thermal unit(s)
CI = cast iron
CO = cleanout
CO2 = carbon dioxide
CPVC = chlorinated PVC
CSST = corrugated stainless-steel 	
	 tubing (for gas)
cu = cubic
Cu = copper
CW = clothes washer
CWV = combination waste & vent
DFU = drainage fixture unit
dia = diameter
DWV = drain, waste, & vent
eqpmt = equipment
ex. = example

Abbreviations 
exc = except
ext = exterior
Fe = iron or steel pipe
fixt(s) = fixture(s)
FLR = flood level rim
fndn(s) = foundation(s)
ft = foot, feet
FVIR = flammable vapor ignition 	
	 resistant
gal = gallons
GPM = gallons per minute
horiz = horizontal
in = inch(es)
k = 1,000
KS = kitchen sink
lav(s) = bathroom lavatory sink(s)
L&L = listed & labeled
LT = laundry tub
manu(s) = manufacturer(s)
max = maximum
min = minimum
O.C. = on center
PB = polybutylene
PE = polyethylene
PEX = cross-linked polyethylene water 	
	 tubing
PEX-AL-PEX = PEX-aluminum-PEX 	
	 tubing
PMI = according to manufacturer’s 	
	 instructions 
PRV = pressure-relief valve

code check plumbing CODES 

Code Check Plumbing 3rd Edition references these two codes:
2006 IRC (International Residential Code—published by ICC—the International 
Code Council) and
2006 UPC (Uniform Plumbing Code—published by IAPMO—the International As-
sociation of Plumbing and Mechanical Officials) 
If your area is using an earlier 
edition of one of these codes, take 
special note of the highlighted 
code changes and use the list on 
pp. 120–121 to aid in proper ap-
plication of the appropriate rules.

In 1752, Benjamin Franklin brought 
the first bathtub to the

United States.
 After designing a more comfort-

able model, he took it with him on 
his many travels to Europe.

ABBREVIATIONS  u  CODE CHECK PLUMBING CODES

psi = pounds per square inch
psig = pounds per square inch gauge
PVC = polyvinyl chloride
req(s) = require or requirement,
	  requirements
req’s, req’d = requires, required
SDC = seismic design category
sq = square

temp = temperature
TJI® = manufactured I-joists
TPRV = temperature & pressure relief 	
	 valve
vert = vertical
w/, w/o = with, without
WC(s) = water closet(s), (toilet[s])
WH(s) = water heater(s)
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FIG. 1

The Plumbing 
System

Flues: pp. 106–107

Water Heater: 
pp. 100–107

Gas Piping:
pp. 96–99

Water Supply & Distribution:
pp. 92–95

Building Drain: p. 69–73Building Sewer pp. 69–73

Air Admittance Valves: p. 85

Fixtures:
pp. 108–112

Drains: pp. 69-73

Cleanouts: 
pp. 73–74

Traps: pp. 79–82

Air Gap:
p. 91

Vents:
 pp. 82–84

Toilets:
 p. 110

THE PLUMBING SYSTEM

Ben Franklin:
p. 3
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FIG. 8

Plastic
Pipe 
Support & 
Spacing

Wires & plumber’s 
tape not allowed. 
They fail to resist 
upward thrust & can 
cut the piping.

Listed
plastic

hangers

4 in. max. spacing
between supports

Proper
supports

Improper
supports

FIG. 7
Closet Bend Reductions

No fittings with 
internal ledge

3 in. arm

3 in.
reduction

4 in. closet flange

Smooth 4×3 reducer OK

TABLE 3 DFU Load & Trap Size
[3004.1] & [3201.7] {T7-3}

Fixt.
Fixt. Units Min. Trap Size (in.)

IRC UPC IRC UPC

Bar sink 1 1 11⁄2 11⁄2 

Bath/shower 2 2 11⁄2 11⁄2 

Full BA groupA 6 n/a n/a n/a

Bidet 1 1 11⁄4 11⁄4 

CW standpipe 2 3 2 2

LT 2 2 11⁄2 11⁄2 

Laundry group 3 n/a n/a n/a

KS 2 2 11⁄2  11⁄2B

DW 2 2 11⁄2 11⁄2B

KS w/ DW 2 2 11⁄2 11⁄2B

KS w/ disposer 2 2 11⁄2 11⁄2B

Lav. 1 1 11⁄4 11⁄4 

Shower Stall 2 2 11⁄2C 8 2

WC >1.6 gal./flush 4 4 n/a n/a

WC < 1.6 gal./flush 3 3 n/a n/a

Floor drain 0 0 2 2

A. The IRC recognizes a BA group designation that includes the WC, lav, bidet, and BT or shower located  
together on the same floor. The designation is important because it allows for horiz. wet venting. For bath 
groups with 1.6 gal./flush toilets: subtract 1 fixt. unit.

B. For these fixts., the UPC req’s a 2 in. drain after the trap arm. The IRC allows the same size drain as the trap.
C. Applies only to showers w/ a total flow rate through showerheads and bodysprays totaling 5.7 GPM. For 

showers >5.7 GPM the min. trap size is 2 in.8

DRAINAGE
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Sanitary tees

Not OK on 
back

OK for horiz. 
to vert.

IRC allows horiz.-to-horiz. 1⁄4 bend 
up to 2in. dia.

All fittings to go in 
direction of  

drainage flow.

Combo wye 
allowed.

fig. 10
Application of Fittings

cleanouts
Drain cleanouts at accessible locations provide access for snaking obstructions 
from a pipe or viewing the pipe interior with a sewer camera.

IRC CO Requirements		  IRC
n	 Same size as drain pipes up to 4in EXC______________________ [3005.2.9]9

	 CO in stack can be one size smaller than drain_______________ [3005.2.9]10

n	 Removable traps OK as CO for drains up to 1 size 
	 larger than trap______________________________________ [3005.2.9X1, 10]
n	 Req’d at base of stack or outside within 3ft of bldg wall F14______ [3005.2.6]
n	 Req’d near junction of bldg drain & bldg sewer EXC_____________ [3005.2.7] 
	 Not req’d if CO on 3in soil stack located within 10ft of bldg sewer_[3005.2.7]11

n	 2-way CO OK at bldg drain & bldg sewer_____________________[3005.2.7]12

n	 Pipes <3in req 12in clearance; ≥3in: req 18in__________________ [3005.2.5]
n	 Req’d each 100ft of straight horiz run_________________________ [3005.2.2]
n	 Req’d in horiz drains each change of direction >45° exc
	 only 1 CO req’d per 40ft of run F12__________________________ [3005.2.4]
n	 CO openings: not OK for new fixts unless new CO installed___[3005.2.11]

UPC CO Requirements		  UPC
n	 Size per T7_________________________________________________{707.11}
n	 Req’d at upper terminal of horiz runs on first floor OR 2-way CO 
	 near junction of bldg drain & bldg sewer F11______________________ {707.4}
n	 Additional CO req’d horiz runs aggregate >135° F12_______________ {707.5}
n	 Not req’d for horiz runs <5ft (exc sinks)_________________________{707.4X1}
n	 Not req’d if slope >4in/ft_____________________________________{707.4X2}
n	 Takeoff above flow line exc wye branch or end of line_______________ {707.6}
n	 Pipes ≤2in req 12in clearance; >2in req 18in clearance T7_________{707.10}
n	 Underfloor CO not >20ft from access door______________________{707.10}
n	 Passageway to underfloor CO min 30in horiz by 18in vert__________{707.10}
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Vertical Wet Venting 	 IRC	 UPC
n 	Limited to trap arm of 1- & 2-unit fixt_ __________________ [n/a]	 {908.1}
n 	All wet vented fixtures to be on same story___________[3108.4]	 {908.1}
n 	6ft max (vert only) developed length of wet vent F36______ [n/a]	 {908.1}
n 	Size wet vent per DFUs of upper drains T13_ ________[3108.3]	 {n/a}
n 	Wet vent 1 pipe size larger than the req’d waste–min 2in _ [n/a]	 {908.2}
n 	4 fixts max on wet vent______________________________ [n/a]	 {908.1}

Horizontal Wet Venting 	 IRC	 UPC
n 	Horiz wet venting OK for any combination of fixt within 
	 1 or 2 BA groups on same floor F39________________[3108.1]	 {908.4.1}19

n 	Only fixts within BA groups allowed on wet vent. Other vented fixts 		
	 may connect to the drain downstream of wet vent_____[3108.1]	 {908.4.1}20

n 	Dry vent connection to wet vent must be individual or common
	 vent connected to lav, bidet, BT, or shower_________ [3108.2]21	 {908.4.2}22

n 	Side inlet 1/4 bends OK as a wet vent connection if not  
	 serving a WC_________________________________ [3005.1.2]	 {n/a}
n 	Max trap arm length measured from trap weir to  
	 wet vent______________________________________ [3108.5]23	 {908.4.1}
n 	Size wet vent per DFU & T13_________________________ [n/a]	 {910.1} 

FIG. 35 FIG. 36

Common
Venting
IRC

Wet
Venting

UPC
11/4 in.

2 in.

KS

CW Shower

Lav

1 pipe size 
larger than 
req’d drain

Max. 6 ft.

FIG. 37

Common Venting 
UPC

UPC common 
vented fixts. must 
enter through 
back-to-back  
sanitary tee.Back to back

11/2 in.

Table 13 Max. DFU Loads for Wet Vents & CWV 
 [T3108.3 & 3111.3] &  {908.2 & 908.4.3}

Pipe Size
(in.)

Wet Vents CWV [IRC]

IRC UPC To Branch To Bldg Drain

11/2 1 Ø Ø Ø

2 4 4 3 4

2 1/2  6 8A 6 26

3 12 8B 12 31

4 32 8B 20 50

A. For horiz. went vents, max. load is 4 DFUs on 21⁄2 in. pipe.
B. More than 8 possible for horiz. wet vents. 

11/2 in.

2 in.

2 in.

2 in.
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Code 3Check® HVAC Third Edition
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INTRO  u  MODEL CODES & ORGANIZATIONS

For more information on the Building, Electrical, Mechanical, and Plumbing codes; valuable resources; and why Benjamin Franklin is featured in the Code Check series, visit: www.codecheck.com

Model Codes & Organizations

	 ICC	= 	International Code Council  www.iccsafe.org

	IA PMO	=	 International Association of Plumbing & Mechanical 

			   Officials   www.iapmo.org

	N FPA	= 	National Fire Protection Association  www.nfpa.org

Code Check HVAC (heating, ventilation and air conditioning) is a con-
densed field guide to the most commonly used residential mechanical 
codes. There are essentially two groups of mechanical codes that apply to 

construction of one- and two-family dwellings. One is the International Residential 
Code (IRC), and the other is the alliance of the Uniform codes and the NFPA 
codes. We have used several of these codes to emphasize their similarities and 
their common safety principles and to clarify distinctions between them. 

	 Check with your building department to determine the codes and editions 
applicable in your area. If your area is using an older version of the codes, the list 
of code changes on pp. 180–181 will help in finding the rules that apply today in 
your area.

Table 1
Codes Referenced IN

 Code Check HVAC

Organization Code

ICC 2006 IRC International Residential Code

IAPMO 2006 UMC Uniform Mechanical Code

IAPMO 2006 UPC Uniform Plumbing Code

NFPA 2006 NFPA 54 National Fuel Gas Code

NFPA 2004 NFPA 58 Liquified Petroleum Gas Code

NFPA 2006 NFPA 31
Standard for Installation of Oil-Burning 

Equipment

NFPA 2006 NFPA 211
Chimneys, Fireplaces & Solid Fuel-Burning 

Appliances

NFPA 2005 NFPA 70 National Electrical Code

The code changes referenced on pp. 180–181 compare the codes in this 
table to the 2003 IRC & the 2003 UMC..
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Appliance Oil Venting pp. 137–138 
Appliance Gas Venting pp. 165–168

Combustion Air for 
Oil Appliances
pp. 137

Combustion for Gas 
Appliances pp. 154–157

Condensate
p. 134

Air-Conditioning
pp. 132–134

Combustion Air
pp. 137 & 
154–157

Return Air
p. 145

Ducts
pp. 145–148

Furnaces
pp.136 & 
169–170

Access 
& Locations
pp. 128–130

Gas Piping
pp. 158–163

Wood Stoves
p. 140

Chimneys
p. 138

Clearance
Reduction
System
p.141

Gas
pp. 158–164

THE HVAC SYSTEM

fig. 1
The HVAC System

Ben Franklin
p. 3
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Heat Pumps & Air-Conditioning

Cool air is heavier than warm air. Furnace blowers that also provide cooling 
must have 2-speed fans that overcome the resistance of the cooling coil and the 
weight of the cooled air. A retrofitted air conditioning coil should not be installed 
in an existing furnace unless it has the proper type of blower for the application.

Heat Pumps & Air-Conditioning 	 06 IRC 	 06 UMC
n	 Heat pump return air duct min 6sq.in per kBtu  
	 output T2_______________________________________[1403.1]	 {manu}
n	 Outdoor unit on min 3in raised pad F9______ [1308.3,1403.2]6	 {1106.2}
n	 Furnace w/ cooling coil must have adequate pressure 
	 capacity [min 0.5in water column] or be L&L for cooling_[1411.2]	{904.8A&B}
n	 Cooling coil downstream from heat exchangers unless L&L for 
	 upstream (stainless-steel heat exchanger)____________[1411.2]	 {904.8C}
n	 Central air-conditioner req’s air filter F7_ ____________[1401.1]	 {312.1}
n	 Condenser not near clothes dryer vent_______________ [manu]	 {manu}
n	 Refrigerant vapor (suction) lines insulated min R4 F7__ [1411.5]	 {manu}
n	 Nail-plate protection for refrigerant piping close to
	 [<11/2in] framing edge_ ________________________ [2603.2.1]	 {1111.3}
n	 Tubing secured ≤6ft of first 90° bend from compressor_ [manu]	 {1111.2}
n	 Tubing secured within 2ft of all other bends___________ [manu]	 {1111.2}
n	 Tubing supported at points ≤15ft apart_______________ [manu]	 {1111.2}

Table 2 Heat Pump Return Duct Min. Sizes  [1403.1] 

Btu rating 24k 30k 36k 42k 48k 60k

Tons 2 2.5 3 3.5 4 5

Blower (sq. in.) 144 180 216 252 288 360

Round duct 
diameter 14 in. 16 in. 18 in. 18 in. 20 in. 22 in.

Electrical Requirements 	 06 IRC 	 05 NEC
n	 Disconnect in sight of condenser F9________________[4001.5]	 {440.14}
n	 Disconnect cannot be mounted on access panels____[T4001.5]	 {440.14}
n	 Working clearance req’d in front of disconnect F9____[3305.1]	 {110.26}
n	 Clear space min 30in wide × 36in deep F9__________[3305.2]	 {110.26A1}
n	 Thermostat wire not inside power conduit F9_________[4204.1]	 {725.55A}
n	 Size conductors & overcurrent per nameplate_ _____ [3602.11]	 {440.4B}

Air-Conditioning 
Condenser

Pad
3 in. min.
above
grade  

Thermostat 
wire

Refrigerant lines

FIG. 9

Power line

HEAT PUMPS & AIR CONDITIONING 
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Fill & Vent Piping	 06 IRC	 NFPA 31
n	 Fill pipes outside & min 2ft from building openings 
	 & equipped w/ tight metal cap_____________________[2203.3]	 {8.3.2}
n	 Vent pipe min 11/4in diameter F13,14_______________[2203.4]	 {7.5.11}
n	 Vent 1in max penetration into tank F13,14 ___________[2203.4]	 {8.7.4}
n	 No cross-connections of vent to other piping_________[2203.4]	 {8.7.12}
n	 Weatherproof vent cap (gooseneck) F13,14_ ________[2203.5]	 {8.7.6}
n	 Vent must slope to drain to tank, no traps F13,14_____[2203.4]	 {8.7.1&2}
n	 Vent termination min 2ft from building 
	 openings & above snow F13,14____________________[2203.5]	 {8.7.5}A

Protected from
weather

2 ft.
min

1 ft. min.

1 ft.
min.

Pr
op

er
ty

Li
ne

1 ft.
min.

Sleeved
through
foundation

11/2 in. m
in. diameter vent pipe

sloped to drain to tank

Swing fitting
to allow for
settling

FIG. 13
Buried Oil Tanks

Fill pipe

Vent
pipe

Cross-connector

Shutoff valves

Indoor Oil Tanks
FIG. 14

Oil Appliances, General	 06 IRC	 NFPA 31
n	 Appliance & burners must be listed_________________[1302.1]	 {13.2}
n	 Used appliances not OK to install in dwellings___________ [n/a]	 {12.3}

Oil Piping	
n	 Steel pipe or tubing, {brass pipe}, or type L Cu tubing  
	 (no aluminum)___________________________ [2202.1, 2203,2]	 {8.2.2}
n	 No cast-iron fittings______________________________[2202.2]	 {8.2.8.5}
n	 Piping min 3/8in outside diameter___________________[2203.2]	 {8.2.6}
n	 Listed flex metal hose OK to reduce vibration_________[2202.3]	 {8.2.5}
n	 Shutoff req’d between tank & burner________________[2204.2]	 {8.6.4}
n	 If shutoff on discharge of oil pump, PRV shall bypass 
	 or return surplus oil_ _____________________________[2204.2]	 {8.8.8}
n	 Pumps must be L&L and installed AMI_ _____________[2204.1]	 {8.8.6}
n	 Lines w/ heaters must have PRV & return line ________[2204.4]	 {8.8.9}

OIL TANKS & PIPING
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Table 3 Allowable Reduced ClearancesA  [T1306.2]

Protection Method

Normal 18 in. 
Clearance  

Req’d.

Normal 36 in. 
Clearance  

Req’d.

Wall Ceiling Wall Ceiling

31/2 in.-thick masonry w/o ventilated air space 12 in. n/a 24 in. n/a

1/2 in. insulation board over 1 in. glass fiber or  
mineral wool batts

9 in. 12 in. 18 in. 24 in.

0.024 sheet-metal over 1 in. glass fiber or mineral 
wool over wire & ventilated air space

6 in. 9 in. 12 in. 18 in.

31/2 in.-thick masonry w/ ventilated air space 6  in. n/a 12 in. n/a

0.024 sheet metal w/ ventilated air space 6 in. 9 in. 12 in. 18 in.

1/2 in.-thick insulation board w/ ventilated air space 6 in. 9 in. 12 in. 18 in.

1 in. glass fiber or mineral wool batts  
sandwiched between two sheets 0.024 sheet metal 

w/ ventilated air space
6 in. 9 in. 12 in. 18 in.

A. Also based on  NFPA-211 T9.5.1.2 & T12.6.2.1.

Clearance-Reduction 
System

FIG. 16

The spacers that hold out the clearance-reduc-
tion system from the wall must not be located 
directly behind the appliance or connector. 
The appliance’s distance from the wall must be 
12 in. min or in accordance with T3. 

CLEARANCE-REDUCTION SYSTEMS
Clearance-reduction systems are used with solid-fuel, oil-burning, and gas-burn-
ing appliances. The information in T3 is virtually identical in IRC chapter 13, chap-
ter 24, and in NFPA 211. Clearance-reduction systems provide a practical means 
of installing appliances in spaces where they otherwise might not fit or would 
take too much space in a room.

General	 06 IRC	 06 UMC
n	 Clearance reductions allowed per T3[1306.2, 1803.3.4, 2409.2]_	 {12.6.2.1}
n	 Solid-fuel appliances not allowed to be reduced  
	 to <12in EXC_________________________________ [1306.2.1]	 {12.6.2.1.2}
	 Appliances listed for <12in & installed AMI_ _______ [1306.2.1]	 {12.6.2.1.2}
n	 Unlisted appliance 36in sides & rear 48in top clear OR___ [n/a]	 {12.6.1}
	 Lesser amount OK w/ approved clearance-reduction system_ [n/a]	 {12.6.2.1}
n	 No spacers directly behind appliance or  
	 connector F15,16_ _____________________________[F1306.2]	 {12.6.2.1.3}
n	 Use T3 when clearance w/ no protection is 36in______[1306.2]	 {12.6.2.1.1}
n	 31/2in masonry w/o ventilated space max wall 
	  reduction 33%_____________________________________ [n/a] 	 {12.6.2.1.1}
n	 1/2in insulation board over unvented batts max wall  
	 reduction 50%_____________________________________ [n/a] 	 {12.6.2.1.1}
n	 Other methods max wall reduction 66%________________ [n/a] 	 {12.6.2.1.1}

Recommended Inspections of Existing Chimneys NFPA 211 14.3
Level 1: All readily accessible areas of chimney, structure, & flue (annually,  
during routine cleaning & when replacing appliance w/ similar appliance).

Level 2: Level 1 + video scan of flue. Verify clearances & suitability of flues 
(upon resale of property; upon addition or removal of appliances, adding or 
replacing w/ dissimilar appliance, or after operating malfunction).

Level 3: Level 1 & 2 + removal of components as necessary to gain access 
(when Level 1 or Level 2 cannot identify conditions deemed critical to re-
newed or continued use; fire or damage investigations).
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Table 11
Procedures for Sizing Gas Pipe   

[2413.4.1,2] {1317.1}

  1. Determine Btu/cu .ft. from local gas provider

  2. Determine cu. ft./hr. demand for each appliance

  3. Sketch layout w/ piping lengths to each appliance F43

  4. Determine total cu. ft./hr. demand on each pipe section

  5. Determine length to most remote appliance

  6A. (Longest-length method) Use T12 row for that length for all appliances

  6B. (Branch-length method) Use same T12 row for all sections in series w/  
        most remote appliance.

   For other branches, use actual length of each branch. 

The longest-length method is more conservative & compensates for pressure 
losses throughout the system. The branch-length method has less leeway, & 
consideration should be given to the lengths of pipe fittings. The IRC, UMC, 
& NFPA 54 accept both methods. The UMC allows the branch-length method 
only up to a total demand of 250 cu. ft./hr.

Gas Pipe Size Example
fig. 43

Meter

100,000 Btu
Furnace
92 cu. ft.

65,000 Btu
Freestanding range

59 cu. ft.

35,000 Btu
Water heater

32 cu. ft.

35,000 Btu 
Clothes

dryer
32 cu. ft.

E 10 ft.

B
10 ft.

A
20 ft.

C 40 ft.

Gas Pipe Size Example Fill-in

Pipe  
Section

Total  
cu. ft./hr.

Longest 
Length

Longest- 
Length 
Method

Actual 
Lengths

Branch- 
Length 
Method

A 214 90 ft. 11/4 in. 90 ft. 11/4 in.

B 123 90 ft. 1 in. 90 ft. 1 in.

C 64 90 ft. 3/4 in. 90 ft. 3/4 in.

D 32 90 ft. 1/2 in. 90 ft. 1/2 in.

E 91 90 ft. 3/4 in. 30 ft. 1/2 in.

F 59 90 ft. 3/4 in. 40 ft. 1/2 in.

G 32 90 ft. 1/2 in. 80 ft. 1/2 in.

D
10 ft.

F 10 ft.

G 20 ft.

Watts 210 Gas Shutoff

Pressure relief valve
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	 1.	  2003 UMC did not req protection against flood hazards.

	 2. 	 2003 IRC did not req work space to be level or 30in wide.

	 3.	  2003 UMC did not address appliances in attics.

	 4.	  Allowance for 50ft distance is new in the 2006 IRC.

	 5.	  Allowance for unlimited distance is new in the 2006 IRC.

	 6.	  New requirement for equipment pad under all outdoor appliances.

	 7.	  The circuits were req’d to be sized to 125% of their load. By considering 
them to be continuous loads, the net effect on circuit size is the same.

	 8.	  25amp circuits were not included in the 2003 IRC.

	 9.	  New option for an interlocked detector in lieu of a pan or secondary.

	10.	  The requirement for an internal blockage detector is new.

	11.	  The exemption for service receptacles at swamp coolers is new in 2006.

	12. 	 New requirement to remove exterior piping of abandoned tanks.

	13.	  Bath fans must now be ducted to or directly connected to the outside of the 
building.

	14.	  Dryer ducts must now terminate at least 3ft in any direction from other build-
ing openings .

	15.	  Booster fans no longer allowed unless make & model of dryer are known & 
booster installed AMI.

	16.	  ASHRAE calcs now OK for large-radius bends.

HVAC CODE CHANGES IN 2006

	17. 	The rules for box support on paddle fans have been reformatted & moved 
to the section on boxes, w/ a reference in the appliances section of the 
electrical codes. 

	18.	 New UMC rule to create 18in access under ducts that restrict crawl access.

	19. 	Mechanical fasteners for flex nonmetallic ducts must now be L&L.

	20.	 Adhesives must now also meet the flame & smoke requirements.

	21. 	In 2003, ducts req’d R-5 inside the building but outside the conditioned 
space. In 2006, ducts inside the building thermal envelope do not req 
insulation.

	22. 	PEX & PP piping new in 2006 for IRC.

	23.	 2006 UPC includes new section on indirect-fired water heaters.

	24.	 2003 IRC req’d a temperature & pressure relief valve, not just a temperature 
limiting valve.

	25. 	New rule for min 12in cover over buried propane lines.

	26.	 The min size of screen mesh is new in the 2006 UMC.

	27.	 Ducts of other materials must now have equivalent strength & rigidity as 
galvanized steel.

	28.	 New rule that piping may not pass through one townhouse unit to another.

	29.	 The word test has been replaced w/ check to clarify that another pressure 
test is not being req’d.

	30.	 There are now separate ASTM standards for indoor & outdoor connectors.



183ELECTRICAL

Code 3Check® Electrical Fourth Edition

how to use code check electrical 

Code references are followed by two bracketed numbers, ex:
n	 Code reference T1,F1____________________________ [123.4] 	 {123.4}

Code numbers on left, in straight brackets, ex: [123.4], refer to 2002 NEC.
Code numbers on right, in braces, ex: {123.4}, refer to 2005 NEC.
T1 refers to Code Check Electrical table 1.
F1 refers to Code Check Electrical figure 1.
[manu] = Typically required by manufacturer’s installation instructions.
Adoption and enforcement varies greatly, so check with your local jurisdiction.
An X after a code number refers to an exception in the code.
EXC = When placed at end of text line signals an exception in following line.
OR = When placed at end of text line signals an alternative in following line.
[n/a] = not addressed by the 2002 NEC.
{n/a} = not addressed by the 2005 NEC.
[Ø] = Prohibited by the 2002 NEC.
Codes ending in numbers separated by commas refer to multiple code sections,
ex: [210.8A2,5X2] = 2002 sections 210.8(A)(2) & 210.5(A)Exception2
A colored code citation followed by a superscript number indicates a change in the 

code. Ex: [210.8B3]9  refers to a code change in the IRC, listed as #9 in the 
Code Change Summary on pp 237–238.

EXAMPLES 

Example of a code with figure number (from page 201)
n	 Terminal bar for EGCs req’d to be provided F26,27_ [408.20]	 {408.40}

Panels require a terminal bar for the equipment grounding conductors. Found in 
408.20 of the 2002 NEC and 408.40 of the 2005 NEC and is also shown in 
figures 26 and 27.

Example of a code change (from page 201)
n	 OCPDs readily accessible {& max height 6ft 7in}_ _ [240.24A]	  {240.24A}22

The explanation on p. 237 states that the 02 code only limited the height of break-
ers used as switches, and in 05 it applies to all breakers.

Example using “EXC” (from page 198)
n	 Each bldg or structure requires GES EXC F24____ [250.32A]	 {250.32A}
	 Bldg w/ only 1 branch ckt with EGC____________ [250.32AX]	 {250.32AX}

The basic rule requires the disconnecting means to be rated as service equipment 
with the exception of outbuildings that have only 1 circuit that can be controlled 
by a snap switch. This example is shown in figure 24.

Example using “OR” (from page 206)
n	 Separate 20A ckt for bath receps only OR_______ [210.11C3]	 {210.11C3}
	 Dedicated 20A ckt to each bathroom__________[210.11C3X]	 {210.11C3X}

A circuit dedicated to the bathroom receptacles is required, or each bathroom can 
have its own dedicated circuit that supplies all the equipment in that bathroom. 

By Redwood Kardon, DOUGLAS HANSEN, and MICHAEL CASEY
Illustrations and Layout: Paddy Morrissey

© 2005 by The Taunton Press, Inc.  ISBN 1-56158-783-9
Code Check® is a registered trademark of The Taunton Press, Inc., registered in the U.S. Patent and Trademark Office.

HOW TO USE CODE CHECK ELECTRICAL  u  EXAMPLES

For more information on the Building, Electrical, Mechanical and Plumbing codes, valuable resources, and why Benjamin Franklin is featured in the Code Check series, visit: www.codecheck.com
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ELECTRICAL

MODEL CODES & ORGANIZATIONS 

CSA	 = 	 Canadian Standards Association; www.cssinfo.com/info/csa.html
IAEI	 =	 International Association of Electrical Inspectors; www.iaei.org
IRC	 =	 International Residential Code; www.iccsafe.org
NEC 	 = 	 National Electrical Code, published by the NFPA
NEMA	 = 	 National Electrical Manufacturers Association; www.nema.org
NFPA	 = 	 National Fire Protection Association; www.nfpa.org
NTRL 	 = 	 Nationally recognized testing laboratory, such as UL or CSA
UL 	 = 	 Underwriters Laboratory; www.ul.com

ABBREVIATIONS  u  MODEL CODES & ORGANIZATIONS

Abbreviations

A	 =	 amperage, amps, ex. - a 15A 	
		  breaker
AC	 =	 alternating current or 
		  air-conditioning
AC	 =	 armored cable, a.k.a. “BX”
addl	 =	 additional 
AFCI	 =	 arc-fault circuit interrupter
AHJ	 =	 Authority Having Jurisdiction
AL	 =	 aluminum
appl(s)	 =	appliance(s)
AWG	 =	 American wire gauge
bldg	 =	 building
BX®	 =	 trade name for AC cable
c&p	 =	 cord & plug
CATV	 =	 cable television 
ckt(s)	 =	 circuit(s)
cu	 =	 cubic, ex: cu.in–cubic inches
Cu	 =	 Copper
DB	 =	 direct burial
DC	 =	 direct current
DW	 =	 dishwasher
EGC	 =	 equipment grounding conductor
EMT	 =	 electrical metallic tubing
ENT	 =	 electrical nonmetallic tubing, aka 	
		  smurf tubing
exc	 =	 except
ext	 =	 exterior
fixt	 =	 lighting fixture(s) (now called 	
		  luminaire or luminaires)

FLA	 =	 full load amps (motor nameplate 	
		  current rating)
FLC	 =	 full load current
FMC	 =	 flexible metal conduit, aka 	
		  greenfield
ft	 =	 foot, feet
GEC	 =	 grounding electrode conductor
GES	 =	 grounding electrode system
GFCI	 =	 ground-fault circuit interrupter
horiz	 =	 horizontal
hr	 =	 hour, hours
HVAC	 =	 heating, ventilation & air conditioning
Hz	 =	 hertz (frequency, e.g., 60 cycles 	
		  per second)
IMC	 =	 intermediate metal conduit
in	 =	 inch, inches
incl	 =	 includes, including
kcmil	 =	 1,000 circular mill units 
		  (conductor size)
KO	 =	 knockouts F9,10 
KVA	 =	 kilovolt amperes = 1,000 × volts 	
		  × amps
L&A	 =	 lighting & appliance (panelboard)
L&L	 =	 listed & labeled, listing & labeling
lb	 =	 pound(s)
LCDI	 =	 leakage current detection & 
		  interruption
LFMC	=	 liquidtight flexible metal conduit, 	
		  a.k.a. sealtight

LFNMC	 = liquidtight flexible nonmetallic 	
		  conduit
lum	 =	 luminaire(s) (lighting fixture)
manu	 =	 manufacturer
MC	 =	 metal clad cable
NM	 =	 nonmetallic sheathed cable 	
		  (Romex®)
OCPD	=	 overcurrent protection device 	
		  (breaker or fuse)
PMI	 =	 per manufacturer’s instructions
PV	 =	 photovoltaic
PVC	 =	 rigid nonmetallic conduit 		
		  (RNMC)
recep	 =	 receptacle outlet
refrig	 =	 refrigerator
req	 =	 require, requiring
req’s	 =	 requires
req’d	 =	 required

RMC	 =	 rigid metal conduit
RNMC	=	 rigid nonmetallic conduit (PVC)
SE	 =	 service entrance cable
SFD	 =	 single-family dwelling
specs	 =	 specifications
sq		  =	square
temp	 =	 temperature
UF	 =	 underground feeder cable
USE	 =	 underground service entrance 	
		  cable
V	 =	 voltage, volts
VA	 =	 volt amps
vert	 =	 vertical
W	 =	 watts
w/	 =	 with
w/o	 =	 without
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The Electrical 
System

THE ELECTRICAL SYSTEM

Old Wiring
p. 236Photovoltaics

pp. 230—232

Boxes pp. 222–223

Multiwire 
Circuits

pp. 204–205

AFCI
p. 196

Smoke Alarms
p. 225

GFCI
pp.194—196

Service Drops
p. 197

Service 
Equipment

p. 199

Bonding
pp. 191–192

Lighting
p. 226

Cables
pp.215–217

Appliances
pp. 224–225

Motors
p. 212

Pools & Spas
pp. 228–229

Panels
pp. 199—201

Raceways
pp. 218—221

Grounding
pp. 189–190

Branch 
Circuits & 

Receptacle 
Layouts
p. 206

Kitchens
pp. 208–

209

Switches
pp. 226—227

FIG. 1

The Electrical
System
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ELECTRICAL GROUNDING

5 ft.
max from clamp to wall

Path of lightning 
strike

#4 Cu 20 ft.

#4 bar 20 ft.
z or tied Rod 

min. 
8 ft.

below 
grade

Weaver 
clamp

The primary function of 
the grounding electrode 
system (GES) is to 
discharge the enormous 
voltages of a lightning 
strike away from the 
property & its inhabit-
ants. Once the high-
voltage electrical energy 
propagates through the 
soil, it is converted into 
heat & magnetic energy. 
The voltage drop is  
dramatic. During the 
microseconds of an  
electrical strike, voltage 
steps in the ground as 
short as 3 feet can  
produce as much 
as 100,000 volts of 
potential.

700,000V

900,000V

FIG. 6

Grounding Electrode 
System

“Acorn” clamp

FIG. 7

Bare GEC

FIG. 8
GEC in Metal 
Raceway

To service

Grounding Electrode Conductor	 2002	 2005
n	 GEC must connect to neutral at or before service__ [250.24A1]	 {250.24A1}
n	 Size per service conductor size T1_ ________________[250.66]	 {250.66}
n	 6AWG Cu largest size GEC needed if ending at rod  _[250.66A]	 {250.66A}
n	 4AWG Cu largest size GEC needed if ending at Ufer _[250.66B]	 {250.66B}
n	 8AWG must be protected by raceway or armor_____ [250.64B]	 {250.64B}
n	 6AWG OK unprotected if not subject to 
	 damage & following bldg contour F7______________ [250.64B]	 {250.64B}
n	 Bond each end of metal raceway enclosing GEC F8_[250.64E]	 {250.64E}
n	 No splices between service & GES_______________ [250.64C] 	 {250.64C}
n	 GEC can connect to any part of GES_____________ [250.64F]4	 {250.64F}
n	 Connections to metal water pipe that is part of GES must be 
	 within first 5ft of water pipe inside bldg F6________ [250.52A1]	 {250.52A1}

GEC Connections	
n	 Buried clamps must be L&L for direct burial F6_______ [250.70]	 {250.70}	
n	 Cu water tubing clamps L&L for Cu tubing F6________ [250.70] 	 {250.70}
n	 Ufer clamps L&L for rebar & encasement F6_ ________ [250.70] 	 {250.70}
Note: Rebar can be brought through the top of a foundation in a protected  
location, such as the garage, to provide an accessible location for the Ufer clamp.
n	 Strap-type clamps suitable only for phone systems____ [250.70] 	 {250.70}
n	 Max 1 conductor per clamp unless listed for more_____ [250.70] 	 {250.70} 
n	 Connections must be accessible EXC_ ___________ [250.68A] 	 {250.68A}
	 Buried or encased connections F6_________________ [250.70] 	 {250.70}

Weaver clamps
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FIG. 23
Service Drop Clearances

8 ft.

10 ft. 12 ft.

18 ft.
or per
utility

10 ft.

3 ft.

3 ft. if roof 
sloped >4:12

service drops

The utility company does not necessarily follow the rules in the NEC. Check with 
your local jurisdiction and utility to find out what rules apply. 

Clearances above Ground	 2002	 2005
n	 Area accessible only to pedestrians—10ft vert F23_ [230.24B1]	 {230.24B1}
n	 General above ground—12ft vert F23_ ___________ [230.24B2]	 {230.24B2}
n	 Above driveway—12ft F23______________________ [230.24B2]	 {230.24B2}
n	 Above roadway—18ft F23______________________ [230.24B4]	 {230.24B4}
n	 Any direction from pool water—221/2ft_____________ [680.8A]16	 {680.8A}17

n	 Trees may not support overhead conductors_ ______ [230.10]18	 {230.10}

Clearances above Roof	 2002	 2005
n	 <4-in-12 slope—min 8ft_____________________ F23 [230.24A]	 {230.24A}
n	 4-in-12 slope or greater—min 3ft EXC___________ [230.24AX2]	{230.24AX2}
	 18in OK over eave if mast ≤4ft horiz to edge F26_ [230.24AX3]	{230.24AX3}

Clearances from Openings
n	 Below or to sides of openable window—3ft F23_______[230.9A]	 {230.9A}
n	 Above decks & balconies—10ft out to 3ft horiz F23___ [230.9B]	 {230.9B}

The NEC does not have a requirement for minimum clearance of 
open conductors above a window. Check to see if your local utility 
has a requirement.

3 ft.

3 ft.

3 ft.

3 ft.
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Fuse or 
Breaker

Branch Circuits or Feeders 
Wire SizeA Service ConductorsWire SizeB

Cu AL Cu AL

15 14 12 n/a n/a

20 12 10 n/a n/a

25 10 10 n/a n/a

30 10 8 n/a n/a

35 8 6 n/a n/a

40 8 6 n/a n/a

45 6 4 n/a n/a

50 6 4 n/a n/a

60 6 3 n/a n/a

70 4 2 n/a n/a

80 3 1 n/a n/a

90 2 1/0 n/a n/a

Fuse or 
Breaker

Branch Circuits or Feeders 
Wire SizeA Service ConductorsWire SizeB

Cu AL Cu AL

100 2 1/0 4 2

110 1 1/0 3 1

125 1/0 1/0 2 1/0

150 1/0 2/0 1 2/0

175 2/0 3/0 1/0 3/0

200 3/0 4/0 2/0 4/0

225 4/0 250kcmil 3/0 250kcmil

250 4/0 300kcmil 4/0 300kcmil

300 300kcmil 400kcmil 250kcmil 350kcmil

350 400kcmil 600kcmil 350kcmil 500kcmil

400 500kcmil 700kcmil 400kcmil 600kcmil

A. Branch ckt. & feeder wire sizes are based on table 310.16 of the NEC. The 60°C column is used for 
sizes #1 or smaller, & the 75°C column is used for larger sizes.
B. Service conductor sizes are based on the wire types in NEC table 310.15(B)(6).

Table 9 Sizing Conductors

Motor circuit size example:
Motor nameplate = 3hp, 1Ø, FLA = 15amps, 230V, SF = 1.15 
Overload protection = 15 × 125% = 18.75 
Full load current (FLC) = 17A (T8)  
Conductor ampacity ≥17A ×  125% = 21.25A

Breaker size = 17A × 250% = 42.5A 
TD fuse size = 17A× 175% = 38.75A

A 12AWG THW wire is OK (75°C column). 
A 45A breaker is OK (next higher standard size). 
A 40A TD fuse is OK (next higher standard size).


