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Bruce Kelly

President of a Local
Inspection Company

ASHI Inspector
NEHA Certified
EDI Certified

Real Estate License
Started Inspections in 1990
Licenses held for inspection company

Pilots License
Hometown

Attended CMSU and attained my
Bachelor's degree from William
Jewell College

Second Generation Builder

Owned and Operated a Residential
and Commercial Construction
Company for 23 Years
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slope=rise/run

Roof slopes

to

(Oin12to2in 12)

flat

Steep roof types
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Asphalt shingle composition

self-sealing
strip

—

—

surface
granules

base
material

fiberglass mat
or organic felt

asphalt body’
or coating

eave protection

Typical asphalt shingle application - showing metal drip edge
cross-section

2" headlap

(at least 36" up roof)

[—

metal
drip edge

Y

nails at least
1/2" above
cutouts

nails 1"to 1-1/2"
from edge of shingle

starter strip nails t
be min. 12" O.C.

starter strip - 12 inch wide roll roofing or
metal shingles with tabs cut off and self-sealing
drip edge strips exposed at bottom (shown here)







Cedar shingle application
_spaced plank sheathing

-~ R

N

continuous decking
at eaves for first 3
or 4 courses of
shingles

spaced 1x4 /-_-/,/
© _or 1x6 boards

roof)

for nailing and shingle
placement details, see
"cedar shingles - nailing
details" illustration

eave protection
(at least 36" up _l

doubled up first course

-/’3 #1 grade shingles
™ roof shingle length
slope 16" 18" 24"
4/12 and up| 5" |51/2"| TR
exposure
(see table
N\ above)

1-1/2" overhang at
eaves and edges

Curling, cupping and splitting wood shingles

Y ZZZ 7 77 4













of roofing

ﬁ Roll roofing
‘ ‘ - p exposure =Lé- 2"
\ J selvage portion G (typically 16")

layers cemented
together with bead

of cement below

bottom edge of
each layer

roof
sheathing

EPDM roof membrane

flashings are also
typically EPDM
membranes

EPDM sheets are very large so
seams are limited

tape or contact cement are common
ways of sealing seams
sometimes, caulking is also used

roof
sheathing

EPDM roofs are prone to thermal
expansion/contraction
pay special attention to perimeters and
flashings where the membrane may
the membrane is typically have pullled away from its fasteners

secured at the roof edges be wary of a taut EPDM roof
with mechanical fasteners

13







Slate types

Vermont
slate

Pennsylvania
slate

N

typical life: 35 to 75 years typical life: 100 years
typical color: blue-grey,

typical color: light-grey,
blue-black and black . e o

grey-black, green, mottled

and purple (rare)

purple and ?reen, red (rare)

Buckingham
slate
(Virginia)

typical life: 175 years

typical color: blue-grey
to dark grey with an
unusual luster

Slate ribbons

cover ribbon
V with overlying
preferable shingle

slate ribbons
should not be
exposed

install slate '
with ribbon
o facing down

15
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Metal shingles

metal shingles are available in a wide
variety of shapes and sizes

shingles may be single or in wide
strips and are often designed to look
like wood shingles or clay tiles

some have granular coatings, while
others are prefinished with a smooth

Sheet metal roofing

metal to roof
sheathing

=
=
- e
o
e

i &
—— wood

N
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Plastic
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Tvpes and locations of vents

be up high (roof, ridge and gable
vents) this helps to promote good
air flow

cross

section

ridge
yvent

opening cut
in sheathing

roof
after

cross
section

some experts sa
can be omitted i

that soffit vents
gable vents are

installed at opposite ends of the
attic (as shown here)

-—
/d e
% £
Recommended amount of attic ventilation
the total vent area is often
recommended to be 1/300 of
the floor space of the attic
roof — &/~
vent
roof
)
rafter é\,\(@
ceiling
insulation joist
soffit g
vent
cross
section

1 square foot of upper

vent area required for
600 sq. ft. attic area

T the actual vent opening must
be larger than 1 sq. ft.
because of screen/louver

1 square foot of lower—
vent area required for
600 sq. ft. attic area

19




lce damming below skylight
problem
EEm————.. Shames

localized heat loss causes snow
to melt around the skylight
the water refreezes when it hits
the colder roof below - building
up a dam

water running down the roof can
back up under the shingles or

skylight flashings

N

attic
(insulation
omitted
for clarity)
N

install Ice and Water Shield 2

below the shingles for 6' around =

the skylight - this will prevent 5

any backed up water from &)

cross leaking into the building @
section

Preventing ice dams with ventilation
cold ywarm S . u ridge vent
roofl roof X ~—Z @
NS : :
| > : :
| &
trapped
water :
ice |
dam ;- insulation -
=50,
00000 X )
f upgrade insulation|
backed-up esgapltng { pgif necessary I
i _no water gets ea %
y soffit into house WY keep arr
vent @ ' path open @
T ] continuous
= Kl soffit vent
shown
ridge venting is more effective than
s?ar((:)tisosn individual upper level vents

20
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P7977?7

Plumbing stack flashing-
stretched or buckled

roof

= plumbing drops down
h\ stack —

drops down

t plumbing
stack

potential water
entry point

potential water
entry points

cross
section

21
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Chimney flashings -
overview
head flashin
u

- N

chimney

i

1

i

@

il

\

(cricket)
d

th is 30"
g can

S require a
ashin

%
when their wi

Chimney saddle flashings

chimne

saddle

or more

the saddle flashin

be metal or be covere
with roofing material

T
' \ /

i

A
N >%

2 OOf
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Roof/sidewall flashings

’ ~ sidings such as wood, metal, vinyl or
) ( ) ( ) J - stucco can serve as counter flashing

, h sidi'ng
(stucco shown here):™

a two inch clearance

step or base
flashings

is desirable to prevent N\
water from being wicked g

up into the siding \3..\

Roof intersection with siding above

the apron of the flashing should extend 6" to
12" across the roof (6" is more typical)
the steeper the roof is, the shorter this part of
the flashing can be

the siding forms the counterflashina

leave a gap to prevent wicking of
moisture into the siding above

in good quality installations, the

bottom edge is'turned underneath |

this hem makes for a stronger
edge that is not sharp

-
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Overview of house structure

collar tie

roof rafter

/ N ceiling joist

T

bearing exterior
wall wall B

2 floor joist F 2
f/ i x bearing beam \
X foundation column ¢
. wall b 5
footing . |- e
— ] section

Bearing strength of soils

gravel

greater strength

coarse
sand

the bearing capacity of these
soils can be extremely variable
depending on the water content

/—\A/_\

fine
sand

Q
D
e

silt

organic
material

|
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flat roof deckx

Beams - shown in relation to house structure

roof joists

|

Il

]

studs

]

P
L built-up
wood beam

built-up
/_ wood
-

column

=1 T T 0 L ¥ T ¥
NS

b 3

section

Q
p
l__~— [-o floor joists steel beam

. a

5| — foundation steel s
4 wal 4 column

5 9

L g

5 ) =

5. concrete footing N
o| floor slab /_ \ F

Y = = - ol — P PP - PSS PG e Lf

cross ko1 Lo d =i -

Concentrated loads - removing or altering walls

built-
flat roof deck —\ Cveo\t-l;d Léleal:g —\
H\H
A

roof rafters

= K H H ¥

H K i 0 N 0 H K K
|

wall —
studs 7\4

a
9
; . blocking —/
— Q@ floor joists requireg N steel beam
S
@ foundation [e=_naw
ol wall column
cross | %
section ; 2
QJ ‘Q:\
concrete new : x
0" floor slab footing Teating QV'J
| o T T i T L) S ] ey | "z 1O 5 S
Lo ol Lz |Eiak | A7 oM | I

when a wall is removed, the uniform load on the beam is converted to a concentrated load
that must be carried all the way down to the footings (see shaded area of illustration)
watch for solid blocking to transfer the load from the column above to the beam, and a new
column below the beam
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Spread footings and pad footings

pilaster used to
strengthen
foundation wall

—_—
(bsmt.) footing

pilaster
supporting
a beam pad
footing

basement floor
not shown (for clarity)

Soil pressure on foundation walls

dry soil exerts a
force against the
foundation

wall framing

topsoil

-
water
level

J—foundation
wall

O |,— drainage
) tile

/.| —gravel

cross
section

wet soil exerts an

even greater force

against the foundation
0

frozen soil exerts
much more force

©

than wet soil
@
S
#* ok g
A floor framing

wall

wall
failure

failure

28




Foundation repairs - reinforcing from inside

finish grade —»

around house bulging and

foundation cracked
wall foundation

wall
topsoil

strip
footing

beam or
channel

more than one
beam or channel
may be needed

doesn't work well
on masonry walls

\— concrete

floor slab

footing

wall
framing

vi :
Wfloor framing

strapping
to secure
beam to
floor framing

| — horizontal
crack

\— beam or
channel

cross
section

29
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differential
settlement
V4

helical anchor is

screwed into the ground
until there is enough
torque resistance to

indicate sufficient

TN

Hag

bearing strength

o

the anchor is then

foot

f=] A-~
iljg»

=4 foundationz .
y wall = -

secured to the
footing/foundation with a
special bracket

depending on how
localized the problem is,
several anchors may be
required

unstablé__soﬂ y

soundvsoil

30
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Where cracks appear

backsplit

beam
pockets,

joints in
split level
omes

Concrete flaws

32
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knee
walls

/ceiling joists must be / . .
1" deeper than normal install solid blocking
(or even deeper if the between joists when
d

Methods of reducing rafter spans

if the collar tie is more than about
8' long, it requires lateral support
in the form of a 1x4 nailed
perpendicular to the collar ties
_— — (prevents buckling)

12
roof
/<after ceiling jCA il 4
!-'-|~| ~
collar ties can be used to redu> ‘ ‘

|
|
|

wall

the span of a roof rafter when the
roof slope is 4 in 12 or greater

collar ties are not effective when
roof slope is less than 4 in 12

purlins - typically 2x6
minimum running
perpendicular to roof rafters

I
L supporting struts
should be x4 min.,
typically every 4'
struts longer than 8'
should be braced to

prevent buckling

—- Span —ei
:
:
:
:

0
)
0
J

Z

must be —/
reater
than 45

bearing wall

dwarf wall
or strut

12
13

l
_I

P |

ceiling below is

roof slope is 3 in 12 or
finished

less) to carry the extra loa

cross section

33







Truss types

mg post 4 panel scissor

/@\queen post | 2 2-2 mono
Wk ms-z o
/Mwe M:S o
W

special king post or

belgian or gable end
double fink

Roof joists versus roof rafters

when the roof slope is 2 in 12 or less, the
primary roof supports are called roof joists

on steeper roofs, they are called roof rafters

_________________________
ceiling joist
(may or may not
be present)
wall
stud

ceiling joist

wall
stud

35
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EXHHA

N

Exterior inspection includes other systems

insulation

plumbing

Kickout prevents siding/wall damage

stucco wall —

acts as
counter
flashing

ste
flasthr’19

kickout N

’
kickout at the —!
bottom edge of !

the roof prevents
water from getting
behind the stucco

gutter
not shown

shingles7

7

N
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AR

maximum

spacing of
veneer ties

maximum

vertical horizontal

spacing spacing
16" 32"
20" 24"
24" 16"

Brick veneer wall - masonry tie detail

veneer ties are nailed through
sheathing into studs

Freezing water spalls bricks

freezingbtemperatures, saturated brick and a susceptible
rick are required for spalling to occur

type of

©

ice lens
develops

ice lens — »
absorbs more [™| <4=m
water and ‘
tension, the

enlarges "
front face

\ J cracks off J

because
bricks are
poor in

cross section

brick spallin? is often a problem with bricks that have
a tough glazed finish and a soft permeable core

39
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Veneer versus solid masonry

front view lintel
(concealed) [ I IL 1L II I ]
[ | I | - I |
[ L Il L Al 1L |
| Il Il I Il Il 1

Il |
:_:l:'"':E | | | [ i [ L ]
headers | I
LI | | | I
| I I | — [ | | ]

1
| ] | |
i e e e

I [ T ]  — — = —
I IL I I 1 [ 1 T I T T I ]
Il ||

| | | 1L I T T | T I
@ © © © © © TS (TR © © ©
Pafiel  SDalie St PRI D OGRS O O S D S Oottn
. © < o o © < : : ;

veneer solid masonry
walls walls

- no weep holes
- usually have weep holes .
¥ ; - typically have masonry arches
- typically don't have masonry arches (instead of lintels)

= pe heacer brcks - header bricks are typical

wall is restrained at
top and bottom

masonry ties
pulled out of
mortar be

ties on older houses
(where bowing is most
commonly found) are
often regular framing nails

cross
section

Bowed brick veneer wall - older home

brick "
veneer first
wall floor
framing

second
floor
framing

foundation

40






Synthetic stucco (EIFS)
expanded
polystyrene
plastic foam
insulation
fastened or
adhered to the

(plywood,
or gypsum
bgc}lard)

N

|
embedded in
J J J J J \) A base coat ?(?7.?3:53:;;
[/ sheathirg \ » o
> /_ fcoai1

wall sheathing

Stucco - three coat process
for application on wood frame walls
waterproof building paper
wall framing metal lath
scratch ﬁor base) coat

(typically 3/8" thick)

”,

brown coat

. S (typically 3/8" thick)
finish coat
< (minimum 1/8" thick)
4
7
floor framing /'
. metal
:' drip screed

)
foundation wall
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E'.X( l‘ ejrj\&‘ Problems with Synthetic Stucco.

Improper Installation.

Bottom edge of stucco embedded in soil allow termites
to burrow through to wall cavity.

Lack of flashing around windows and doors allows
moisture to enter wall cavity.

Lack of sealant around penetrations, light fixtures,
receptacles, etc. .

Gutters allowing water to drain onto the stucco.

43
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S5-layer panel

Oriented strandboard (OSB) siding

the length of
individual wafers
(strands) along the
grain is at least twice
the width

strand
direction

Plywood and composite siding

cross-grain
wood
veneer

composite panel (5-layer)

composite panel (3-layer)

45
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E&l‘@)“@)‘ Don’t Let LP or

Masonite Siding Ruin

Your Deal!

Find out If a claim has been filed

*Have siding inspected for condition

Inform client of normal maintenance
procedures

48
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EX“‘Q\“ Class Action Lawsuits

# Several class action lawsuits are taking
place throughout the country involving
different composition board manufactures.

# Louisiana-Pacific www.lpsiding.com or 800-
648-6893

# Georgia-Pacific Corporation 888-882-5246

# Masonite Corporation
www.kinsella.com/masonite or 800-330-2722

49



http://www.lpsiding.com/
http://www.kinsella.com/masonite

Trees and shrubs 0
too close to house

roof

N

EXHHA

abrasion

may damage
siding and
reduce
drying
potential

A o
roots may clog pipes falling
and move foundation
or footings

Gutters - common reasons for leakage

<
downspout
E = connections
cganges
in direction
K /

rust perforations
(galvanized gutters)

50
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EhERHN

L

G

. foundation wall

s

" cross’
[ section

waste
stack
L (cast iron)

(B

Downspouts discharge into floor drain

basement

clogged vertical
section:
water pressure
builds up outside an

penetrates
foundation wall

clogged trap:
water backs up
from floor drain

P
&i
Tl e
il

Ieév.e.s aﬁd
other debris
clogging trap

downspout

downspout
extension

Window well

window well
projecting up above
the surrounding soil
(this one is made of steel)

gravel-filled hole or
perforated pipe leading
to storm sewer

soil must be graded
away from window well
and foundation

R
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Damaged window wells

rot/insect
damage

cracked

Wood soil contact

wall
framing

wood/soil contact at
the window frame

floor framing $

pressure S S

treated wood / wood/soil =]

window well contact —l 8%
=)

basement

soil in window well
lowered to provide
6" clearance

when lowering the
soil level, the walls
may have to be
modified if they do
not extend down
far enough

window

basement

rusted

53
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Inspecting retaining walls - things to watch for

slumping slumping
‘ wall not bottom
! -r \ \ Flumb - of the
H \ eaning wall has
J J \) away slipped
L/
" dispI?cef-
bgvveing ; ir?:!ie\;}dzal i
units
Movement or cracking
gravel backfill concrete

for drainage

undisturbed
soi

leaning

o 2f E
: T
: U"fplumbob
q My

crack

Ll iitopsoil T L

blocks

Cross
section
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dow types

Win

single-hung closed

double-hung

X 1,5
! /Yo
\ :
v G

Q
o

n n

1 1
X 1
11 11

0
¥ c
0]
Q
o]

(pivot offset)

58
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horizontal
slider




Drain holes

window sash
and glass

drain holes

N

the drain holes can
become plugged with
debris allowing water to
back up over the tracks,
to the inside

¥ r”"l["’_ﬂf—/’—

inside

sill

Insulated metal doors shouldn't have a storm door

insulated
metal door

[N— significant heat can build
up between a storm door
and an insulated metal
door (especially one that
faces south or west)

~~— watch for warped plastic
trim that could be an
indicator of problems

storm
door \.‘

y
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Sources of interior water damage

heating leaks

melting snow

e

accidental spills

ice damming roof or
and condensation flashing leaks

door leaks

wall, window, solarium and skylight leaks

60
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J\

01

N

Wet basement clues - part 1

water or
dampness
on walls/floor
or stains or
efflorescence)

peeling rot
paint \@ patcned
3 S walls
508 2, damaged
basement
torage

Lol e T
“cwall cracks o/
7 with stains /..

rusty
loose _~ paseboard
floor tiles nails

storage kept
off floor

A
continuously
working
dehumidifier
rust at
column bas

Inspecting walls

shining a flashlight parallel
to walll surfaces highlights
patches and other flaws

tapPing or pushin

on older plaster walls
can reveal loose or

bulging plaster
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N

1-1/2"| 1-1/2"
/\I | ‘

wall

projection -
maximum
3-1/2"to 4"

V_

cross section
through railing
(against wall)

l
"]
‘ ( Handrails and guards

top of handrail
should be
easy to grip
(tube or oval)

handrail

h%i_%ht

Us. stairs against walls 30" to 38

open stairs

34" to 38"

Canada

32" to 36"

line
through

nosing v

1} J r
oL

opening
4"to0 6"
max.

guardrail -
36" minimum

|

N—xx
\

l

3

handrail required
when stairs are
more than 24" or 3
risers high (2 risers
in some areas)
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Stair dimensions (straight stairs)

front of tread is
supported by
continuous riser

minimum

9-1/2"
2 minimum
ma"'m”m\,/ (ie. 2x10)
T

587/ 4"
5 10
o
1of
k-89
nes% Da%—}r/ﬂz‘ﬂﬁ
e et >
0
MG 5{1.:5%0 _ rf‘?mug‘n g
(re°py mifreor?
e
Stringers
i ) front of
1‘1/2 tread is
unsupported
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Causes of wet basement problems

i
I 1 ’] | " /;\/A\\
< /'

N

surface water

Why is there a sump pump in the basement?

there are reasons other than wet basement problems for
having a sump pump in the basement

- the storm sewer may be higher than the perimeter
drainage tile that discharges into the sump (not unusual
with "infill" houses)

-in some areas local regulations may require a sump pum =
whether or not there is a problem - " =
street s .
E
q
E S g
=N
e water from
perimeter
drainage
tile or
downspouts

sump
pump

sump

perimeter i . -
drainage g’

elevation
difference |-

l
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Service piping - when different types were used

lead

| copper

Plumbing

] i ] i
N |

galvanized steel

brass

| polyethylene

| polyvinylchloride

| polybutylene

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
YEAR

Pressure decreases with height

a7
PSI

1 PSI will make water
rise 2.31 feet

always test the
water pressure at
the highest point in
the house to get the
most meaningful
results

(83) L
oy .%3 —




Galvanized steel pipe

rusting of galvanized pipe can greatly reduce water

ﬁressqre and will eventually cause leaks as rust creates
oles in the pipe walls

problems are likely to occur soonest on pipes carrying hot
water, horizontal pipes and at threaded (thinner) sections

Plumbing

A
Y

L

galvanized pipe

cross section

Polybutylene pipe - crimp fitting

the crimp ring
should be copper -
older aluminum
crimp rings have

1/8" to 1/4"
from end

been problematic coupling
IS
polybutylene polybutylene
pipe

o pipe
}31

barbed insert fittings

after the crimp ring is
should be copper or

installed, its diameter is

brase - older bolyacary Cheoied with & Spectl
(rglgrsetlﬁ 2};‘?3%;‘{?;: hasn't been overtightened
leaks at connections or undertightened
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Plumbing

Problems With Polybutylene

N
\

Oxidants in the public water supply, especially chlorine react with
the piping and fittings causing the pipe to become brittle

Brittleness causes the pipe to become weak and susceptible to
sudden failure

Improper installation also leads to problems

Plastic and metal fittings both fail due to improperly calibrated
crimping machines, but plastic fails at a greater rate

Failure takes 10-15 years in most cases

The piping will deteriorate from the inside, so a visual inspection
cannot determine if the piping is in good condition
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Plumbing

CLASS ACTION SUIT -
Cox VS. SHELL OIL

®

®

In 1995 manufacturers agreed to pay at least $950 MM.

You must own or have previously owned a dwelling plumbed with
polybutylene or have had PB yard service.

The polybutylene must have been installed between January 1, 1978
and July 31, 1995.

Interior polybutylene must have been installed with PB pipe and the
insert fittings.

To obtain a claim eligibility form, call 1-800-392-7591 or visit
www.pbpipe.com
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Leaks occurring after August 21, 1995 in
PB piping

Plumbing

Dwelling Type Leak Must Occur Within Must be Fled Within

10 years of PB yard service line| 11 years of PB yard service
installation line installation

Mobiles homes

. 10 vears of PB vard service line| 11 years of PB vard service
Yard Service 4 4 Y )

installation line installation
Single Family W/ 13 years of PB plumbing 14 years of PB plumbing
Plastic Fittings installation installation

16 years of PB plumbing 17 years of PB plumbing

installation or January 31, 2009( installation or May 1, 2009
(whichever comes first) (whichever comes first)

Single Family w/
Metal Fittings
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Plumbing

Dielectric union

a dielectric union should be used when
joining galvanized steel pipe to copper
pipe - the insulating sleeve and washer
separate the two dissimilar metals to
prevent corrosion

dielectric
union

’w_\
|

copper pipe
galvanized pipe
insulating
SIOOVE insulatin
(plastic) washerg

soldered
joint \

(plastic)

copper pipe
galvanized pipe
female
shoulder fitit male shoulder
(copper) (galvanized) (galvanized)

Correcting water hammer
a\ternativg _

d air
gaoure Chs,
@‘7’\\0 2%,

section

floor

8
3
. l|’

N

h -_l
" kitchen
1§ sink
4 \_ w,
] shut
= o) “off
valve
£ i —
_§ plumging
g
<

77




N

Electric water heater

cold
water
supply  cold
valve  water

hot
¥ water

electrical
supply

upper
heating
element

temperature/
pressure
relief valve

thermostat control/
high temperature

discharge Py
pipe limit switch
sacrificial
anode rod
insulation
cold water.
lower
heating
element
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Gas water heater

cold %‘ !i

water | ‘ A
supply  cold
valve  water , ‘

vent
connector

draft

hood

insulation

dip
tube

gas
pipe

dripleg

gas
valve

thermostat
control

pilot light
and thermocouple

hot
water

—— sacrificial
anode rod

temperature/
pressure
relief valve

discharge
/— pipe

[ ~~— baffle

(turbulator)

\ﬂue
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Water heaters in garages

gas or oil fired water heaters that are
located in a garage must be at least 18"
above the floor - so that gasoline vapors
are not ignited by the pilot or burner

oil
(or gas)
water
heater

side view

Temperature/pressure relief valve -

pressure:
OK

pressure:

mechanism
simplified
for clarity

sensor

sprin oppet
Y R / pvaF;\F/)e probe ﬁ
ﬁ y »

==

to
drain

manual relief lever can also be
used to open poppet valve

water pressure
overcomes spring
pressure and opens
poppet valve

I_y_ piston /— wax fill

b — o ==n

heat expands wax fill a'qo"

e

in probe - pushing
piston and opening

poppet valve electric
water heater
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Illegal traps

from
fixture

™V
crown-vented fgure
&= A
h | FIDID:@]
| [ i

— 187 TRE

 — — — — -

7\

bell trap

Plumbing| -~

/
\

Plumbing vent clearances

/ 3 to 6 feet from ogefreaeglge:loo\g?;'s
property line SR Rdeia —r"

A

-~

|
|

il B i D S 10 to 12 feet
/—7bfeet S S R | . B e from doors and
3 O\';e S S | | o windows at the
ecks : - Er || " same elevation

R YR

UL = = = gl

7to 10 feet
above grade

4

33



Plumbing
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Too little or too much slope isn't good

no
drainage

no slope

liquid drains too
quickly (solids left
behind)

both
liquids

and solids
drain out

Vent terminology

toilet

stack:
vent BN

wet
vent

slope 1/4" per ft.

(S

[

]

soil stack—]
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Plumbing

/
\

L

Automatic air vent or air admittance valve

¢ - D ¢ 5 Y

autovent

basin

autovent

\
\

system
at rest
! spring valve closed -

\
! waste gases can't
escape

4

waste piping under

negative pressure -
spring valve opens to
let air into the system

6" min.

L

4
7

trap arm

Loose toilet

check to see if
tank is well
secured to bowl

®

potential
leakage area

/}v

toilet bowl

check to see
if toilet is well
secured to

‘i‘/ if toilet isn't well

secured, the wax

ring can become

compressed and
allow water to

escape from the

the floor potential
wax ring N leakage area
floor vl
. s
toilet -
flange =

toilet flange/toilet
connection

drain !







Electricity - basic concepts

electrons (electricity) travelling along a wire

O 2 Q00 @Leo-Pe @+ e.,00° B+

Electnical

electricity flow can be compared to water flow - if
pressure is applied at one end of a pipe (or wire)
then, water (or electricity) will flow out the other end

[ 2 -‘

water flowing through a pipe

Number of conductors
red (hot) black (hot)

black (hot)
ground /\\
white (neutral)

white (neutral)
modern cable - plastic sheathing,

three conductor with ground

used for 240-volt circuits and
multi-wire branch circuits
(post-1960)

black (hot)

ground

white (neutral)

modern cable - glas_tic sheathing,
two conductor with ground

used for regular household circuits
(post-1960)

older style cable - cloth outer sheathing
two conductor with no ground
(pre 1965)

black (hot)

white (neutral)

older style knob and tube wiring
(no ground) - pre 1945

87



Elec

cal

Y

L

Service drop clearances (United States)

1 8"]
it 8'to 10'
8
. 12'
% re flat roof
’ & o
Q — 8' clearance if roof not
roadway driveway used as walking surfa_ce
10' clearance otherwise
i ?I . 10' 18'
and 10 away) roof pitch
horizontally 4in 12 or
greater m
---------- 1 ¥ L 1
swimming walkway roadway

pool

utility pole

Panel clearances

3 feet of clearance
should be provided
in front of the panel
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Elecincal
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Determining service size by the main disconnect

check the
amperage rating
of the main

(@ =
the panel (box) rating
should be no smaller
than the fuses/breakers
2 @y

combination panel

check the
amperage rating
of the main
fuses

to distribution
panel

Grounding equipment

e

A s T
o

P i)

el
[}
=
o
[ =
3
o
=
oD

ground rod

P L

floor framing $
&q’f’ ground wire -
-._:.'-.l' ===
R 1 LS R = 5

ot //\6\)‘(‘

~1 4 =
L= 4 © ©
SR 23
. 4 R 5
LS ? service distribution
. 5. Y box panel
.2 \
N
R o
g =€\
S S8
Hapt a2 %
Nl =2 ‘I‘l
o ”
" Cj -7 basement
Q. ___J_Q —— —— |
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Electrical

A
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L

Panels

main breakers
(overcurrent device)
to ground

g —

g\

Lem=a
’ ~

’ N

/ \

A)

\

A Y ,I
bl z

Sam=’

N
L~

- ,l
stribhtion pen

e @)

newer installation -
"combination panel" houses the
distribution panel and mains

main fuses
(overcurrent device)

service box

in this typical older system, the
distribution panel (fuse panel) is

separate from the service box (mains)

Illlegal taps

to groun
wegal tap
g
- =<
7 ~
7
A
\
)
]
1
U
’
’
4
7
e
o
-~ m—

-~ — -

watch for illegal taps
where household circuits
are tapged off the
service box directly
(upstream of the meter)

distribution panel
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Double tapping (double lugging)

\ . distribution panel
from
. : service
y & ‘ box
- | — grounding terminal
. o - /—ground wire
e

120 volt
circuits

— double tap - two wires
(black) attached to a
single fuse or breaker

N

—— neutral
wire

EEEEEREREERE

neutral bus bar

Knob and tube connections ho

-

this connection
(wrapped with old, dull,
black cloth tape) has
likely been properly
spliced and soldered

neutral

ceramic
tube

ceramic
knob

modern two- -A\
conductor cable }\%\

this connection (wrapped |}
with shiny, new electrical \L\
tape) connecting to new

cable is suspect and is

probably unacceptable perspective
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current leak (possibly through

your body) and the GFI shuts

down the receptacle and other
NI receptacles downstream

» & Ground fault interrupter
\ the GFI circuitry within the
) outlet checks constantly for a
difference between the current
. in the black and white wires
if there is a difference (even as
little as 5 milliamps), there is a
Va

if the GFl is in the
panel, the entire circuit
will be shut down

GFl's can protect ordinary outlets downstream
@
(I}
[a]
Io
[a]
e
master
bedroom e
bathroom
o
main floor o
washroom GFI 4
K 0o
a [a]
builders often use one hod
GFI (often in a mainfloor 0o main second
washroom) to protect all [a] floor bathroom
of the bathroom outlets in
the house ®
basement
bathroom 9 4




Don't bond neutral and ground wires downstream of service box

distribution panel

- grounding terminal

/— ground wire

08

N

/ household
J ’ circuit

@ \ hot

N wire

Typically found with
older homes fuse
panel in stairways or
hallway ~— neutra

EEEEEEEERERE wire
neutral bus bar

the neutral wire and
L—" ground wires should

only be bonded together
Qz> at the service box

G
JICG

Fused neutrals in old wiring systems

shock hazard exists all along circuit
back to blown neutral fuse

power still supplied to bulb!,

but bulb isn't on because
)
t d YIS blown neutral fuse
© groun & G- mr == n==1m-~ breaks circuit
7 A A=—=T T = 3
| = |
= \ 13
1
blown fuse E—
(1
il
iy
\
H
1
)
t
t
[
[}
HI
il
\1\

ff

fuse OK
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Heating

British Thermal Unit (BTU's)

1" Fahrenheit

N

one BTU is the amount of heat
required to raise the temr_perature of
1 pound of water by 1° Fahrenheit

Methods of heat transfer

air above the pot warms up

(becomes less dense) and

rises - drawing more cool
air in from the sides to be outside inside
heated up (cold) (warm)

1 L . :

ﬂ“ff\

heat transferred through heat transfer heat transfer
electromagnetic waves within a gas or through a solid
e.g. thermal infrared liquid material

energy (sunlight)
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Equivalent furnaces

heating elements
(typically 5 kw each)

electrical -
supply

blower —

g/
25 kw
electric furnace,

blower —

heat
exchanger

<

100,000 BTU (input)
gas furnace

vent
connector

99
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Outside air supply

1 sq. inch of opening
is required for every
5,000 BTU's

the duct is typically

insulated and ma
have a damper and/or
trap to minimize drafts

air auet from oulsiae

ANSAL W\

Furnace room air ope

NN wall

openings provide both
combustion and dilution air
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Combustion air

A
N >%

Monoport burners

monoport burners are often found on newer vent
gas furnaces and conversion gas burners connector

they are typically fan assisted

heat exchanger

combustion
air

mono port
burner gas

modern gas furnace

n
2
(=2}
Ei
(1]
B
(b}

forced
draft
fan

\

1
rd ~
/
!
[ B

>

2

perspective

s?ercc;isgn 102
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Three kinds of draft

draft

induced
draft fal

vent
connector

vent draft
connectN hood

heat exchanger

dilution
air

- heat

[ shield

burner | I:K Hustion
com! e

% exhaust gases

heat exchanger

- heat
shield

K——m

alv

house air

house air

cross section of forced air gas furnaces

forced
draft fan

vent
connector

( heat exchanger

\
combustion

burner |

house air
blower

%

Warm chimneys are best

warmest
chimney

second
warmest
chimney

coldest
chimney
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Blockage switches

a blockage switch is located below the area

of the draft hood

if it senses excess heat (due to backdrafting)

gas
boiler

it will shut off the gas supply to the gas valve

Heat exchanger heat flow
in forced air gas furnace

side
the furnace blower drives \J§
household air across the \
outside of the heat

exchanger and on to the,
ductwork distribution
system

most modern heat
exchangers have dimpled
or curved surfaces to slow
down the air flow and
encourage heat transfer

cutaway heat |

exchanger
section

heat from the ribbon
burners flows up the
inside of the heat
exchanger

after emerging from
the top of the heat
exchanger, it is
channelled into the
vent connector (and
ultimately to the
chimney)
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—_IIC_, 9 ’I i irjg

f o : — ’:
- -~
Backdrafting . i y
1

1
if there is insufficient air available 1 .
to the furnace, back drafting can 1
occur : vent
check for it at the draft hood - with connector

a match, cigarette etc. or just
check for excess heat in the area

rust may also indicate a_ - =
backdrafting problem 7

~

-~

- N SN SN NS N N N R S R ES NS NS NS R RS O e W

look for rust
around the
draft hood due
to backdrafting

smoke
test

combustion
products
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-4

u

-

supply
plenum

A
Y

induced
draft
fan

house air
blower

S

Venting for high efficiency furnaces

support every 3'
combustion - <
air s
L ‘ \

slope - 1/4" per foot
(draining back to furnace)

90 elbows effectively
add 10' to the
length of the vent

exhaust
vent
(2" dia. typical)

Improper sidewall vent locations - high efficiency furnaces

-should be 3' to 6' from

3' window clearance combustion air inlet for
(if >100,000 BTU) other appliance

1! window clearance - shouldn't discharge below
(if <100,000 BTU) confined porches or decks

-shouldn't discharge at
inside corner formed by
wo outside walls

should be >4'
below soffit

should be >1'
above grade

should be >7'
above
walkway

should be 3'
to 6' from
regulator
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Unvented space heater

unvented space heaters are not
permitted in some areas

these are typically older units

the exhaust %ases discharge
directly into the living space -
causing problems such as spillage,
backdrafting, carbon monoxide
poisoning and excess humidity

Unvented wall furnace

e)(h

q

SEARN
asest

i

\
[

A

NN
/

\

unvented wall furnaces are not
permitted in some areas

the exhaust gases discharge
directly into the living space -
causing problems such as spillage,
backdrafting, carbon monoxide
poisoning and excess humidity
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Factors affecting air supply

@- bigger is better

@ [duct shapd]- square

rectangular

best shape [l 3

@ duct length|- shorter is better

@ [number of corners|- fewer is better

-

® [Eucitype- flex auet { ( ( (

\

@ - should be appropriate

@ [blower speed|- should be appropriate

[blower blade profile|

‘ ‘ can have pressure
losses 3 times that of

< ‘ ’ smooth duct

@ [furnace location|- central location is particularly important in larger homes

[system extras|- air filters and air conditioning coils can create significant pressure loss
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Air filter orientation

typically, there is some sort of filter
support on the blower side of the air filter

the filter must be installed with the "air
flow" arrow properly oriented to make
sure that the filter material doesn't get
sucked into the blower

Heating

A
N >%

blower

Thermostat conditions to watch for

-------_‘_.‘/

% 80 85
i”\ VA

-
T
le==="

® not level ®|oose ® damaged

° poor location ° dirty

® poor adjustment/calibration ® anticipator problems
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How much area can one ton cool?

N

@ southern U.S. northern U.S. and Canada

One ton of cooling

cooling is typically measured in tons
\ one ton of coolingl_is equivalent to
Q 12,000 BTU/hour
/IOJ (12,000 BTU's is the amount of heat
f KQ V\f\f\f\ required to melt one ton of ice)
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Bigger is not better

N

an air conditioner that is too large will:

cycle on and off more frequently - potentially causing
premature compressor failure

cool the house too quickly - (satisfying the thermostat and
shutting down) before the house can be sufficiently
dehumidified

Condenser fan

the fans in most modern condenser units rotate
horizontally and discharge air out the top (air is
brought in through the sides) but, they can also
operate diagonally and vertically depending on the
manufacturer

the fan blades should be
turning very fast when the
unit is in operation (if thea/
aren't - service is required)

to prevent rusting of the fan
and motor, condensing units

should be covered in the
winter according to some
experts

excess vibration or bearing noise may indicate that
bearing failure is a potential problem

data plate

Freon Iines—b{
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evaporator
coil in
plenum

55 F air

i}

LOW pressure

Air conditioning - schematic of system

[inside Ll outside]

ﬁ Freon is gas I Freon is gas
LOW temperature ® HIGH temperature
=
=

N

— X —

Freon is liquid
LOW temperature
LOW pressure

expansion
device

blower

furnace

suction I
line
(larger tubei

|
;

HIGH pressure

100 F air

t_0_

—

condensing
5 coil

v

temperatures shown are approximate

Moving heat from the inside to the outside

our primary goal is to discharge
warm air from inside to the exterior

[inside Il outside)
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condensate tray

furnace
heat
exchanger |
=
(2]
5
furnace =
[=
— o
—> °
return air
—> blower

perspective view

evaporator
coil

opening in tray
typically larger
than shown

condensate line

o P
© o0
252

cross section

no trap required in some areas
air gap needed at discharge

Condenser fan

the fans in most modern condenser units rotate
horizontally and discharge air out the top (air is
brought in through the sides) but, they can also

operate diagonally and vertically depending on the
manufacturer

the fan blades should be
turning very fast when the
unit is in operation (if thegl
aren't - service is required)

to prevent rusting of the fan
and motor, condensing units

should be covered in the
winter according to some
experts

excess vibration or bearing noise may indicate that
bearing failure is a potential problem

data plate

Freon Iines—»{
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Auxiliary condensate line from attic evaporator coil

ideally the condensate is discharged
directly to the exterior return

" ductwork
if discharging into a plumbing stack f /)
is permitted, a trap is required /4‘7/’

primary
condensate line
(condensate tray
is typically built
into the unit)

attic

s ly
plumbin auxiliary supp
stack condensate ductwork
tray

The primary and auxiliary
condensate lines should not "Y"
together as both could then be

affecte y a blockage

auxiliary condensate line
(should discharge where it can
be noticed - e.g., over front door)

Condensate discharge locations

condensate
line

laundry
tub

condensate
line

[e———

basin

condensate

condensate

discharge
above
flood rim

condensate

line

line

plumbin
stack 9

overflow V

bathtub

condensate runs down outside wall
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Flow of cooled air - modern ductwork

air flow
=

- even distribution of cool air
- has upper level returns (adjustable high/low)
' - returns are centrally located
- there are as many returns on the
second story as on the first supply
register

<=
air flow \

su |
reg‘?s"tgr\t

-

return ducts

—
t [/ supply ducts

[ || furnace
M|and A/C

\
cross \
section
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Flow of cooled air - older-style ductwork

- hot air builds up on upper level
- uneven air temperature

- no upper level returns

- minimal air circulation

air flow
= <= ‘

2 supply—/

register

cross
section
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Don't test when it's cold

S

e

air conditioning shouldn't be tested
when the temperature is below 65 F

or when the power hasn't been on
to the unit for at least 12 to 24 hours
as the compressor could seize

ok

*
e
S
*«;ﬁ.%
S

S

Typical compressor life

2
< -
15 to 20
years
10to 15
years
8 to 10
years

iII':.Jstration is Iintended tol
show general jggneg only
and is not to be taken literally

United States
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Forms of insulation

batt

loose fill

interior ceiling
and air/vapor
barrier

interior—
wall surface
and air/vapor

barrier

studs\

blanket

roof
rafters

ceiling
joists

rigid board
(outside face of

rigid board Studs + batt)

(outside face
batt of studs)
rigid board

loose fill

foamed-in-place

(between studs)

exterior sheathing
and siding not shown
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permanent plywood
pol¥styrene ‘?/
orms polystyrene / /
poured
N
N
N
bridging N
between t
polystyrene
¥orms N
N
N
N
N
N
N
N
US>
for concrete walls prefabricated
(above and below grade) wall panels
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pine board

stucco

2

®

-

3]

=

Q

o
Omr_ L
3 S

kel

o [SIEER
o |5
o [

)] (@)

? & S [SEER

oS o =

og m
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SEEEEEEEELEEE

X
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R-value per inch

R-25 to R-40

-H

Recommended insulation levels

(northern North America)
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plank

roof sheathing

older construction

little or no
ventilation

insulation

loose
fitting
siding

building paper
(or nothing)

kraft paper
air/vapor
barrier

ceiling
joist

panel-type
roof sheathing

soffit |

vent

wall

Differences between old and new construction

roof Y.\
ventilation

insulation

continuous
air/vapor
barrier

housewrap

tightly
sealed
siding

cross
section
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Two different strategies for insulating cathedral/flat roofs

since no air can escape the

any warm, moist air that gets
into the roof space is carried roof roof space, moist humid air
away by the ventilation vent from inside the house can't
be drawn into the roof space

roof
rafter

9]

o]}

e
wall

vent

air
flow

insulation
insulation

cross
section

cross
section

vented roof space sealed roof space

Risks of adding more insulation

not enough
ventilation

obstructed
soffit vents

. new
insulation

old insulation

buried recessed
light fixture

insulation too
lose to chimney
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Balanced air changes
house house
air out ﬁ air out
(3 n >
& :
(] : :
&V
outside outside
air in air in
too few too many
air changes air changes
a well sealed, well insulated a drafty house will have lots of
house can have too few air available fresh air, but lots of
changes - leading to polluted, heat is lost and the inside air will
unhealthy indoor air be too dry to be comfortable
Stack effect

additional warm air expands, increasing
pressure and pushing household air out
through cracks/gaps

warm
(less dense)
air rises

@ air leaving the house creates

negative pressure in the cooler,
lower levels - outdoor air is drawn in
through any cracks or gaps

assumes calm
conditions (no wind)
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Two comfort strategies

<7 =
o

heating heating
system system
poorly insulated house well insulated house
heating system has to work harder (use more less fuel is required to keep the house
fuel/higher costs) because a lot more heat is at 70 F because the insulation
escaping to the outside but, the house is still reduces heat loss - keeping heat
maintained at a comfortable 70 F inside the house longer
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Drafty is good (for houses)

old houses were dra (loose siding,

loose windows, no air/vapor barriers) [T || = et
4 they had many air changes per hour " — | a
N4 that brought in fresh air gwith its good —
drying ability; ==

wall cavities were warm - moisture did
not condense in wall cavities

while houses enjoyed this situation,
people didn't appreciate the cold
drafts and dry air

I

=
[

Neutral pressure plane

Outs' do

pressure

lower
pressure

infiltrating infiltrating

air air
assumes calm
conditions (no wind)

136




A
Y

air
barrier

stops air
movement but
often still allows
vapor diffusion
e.g. housewrap

needs to be
100% continuous
to work

can be anywhere
in wall assembly

Air barrier versus vapor barrier

polyethylene

(visqueen)

wall
framing

sheathing

vapor
barrier

also known as
vapor retarder,
vapor diffusion
retarder (VDR)

prevents vapor
diffusion

must be on warm
side of wall

Vapor diffusion

membrane (air barrier) stops
air, but allows migration of
moisture (vapor diffusion)
towards the area of lower
vapor pressure

initial
state 70F |o ® 70F
® o0 o L
. :. e® 000 L) o
o _¢® e ® °
80% :o.o... ‘.o.. e o ® 20%
relative | ¢ ® o g 0 o relative
humidity ®°e o ° 4 humidity
air
barrier
. grains of
the relative moisture
over Yhumdity on either
time side of the air -
barrier eventually 70F [J7e ~& o o fgfe ., o, °, 70F
equalizes . ®e o . «® e 0,
® e o o° eo° °® o o
50% e ®°® o o .® e o ‘o ® o 50%
relative |® = = o E s ® o%ee o, | relative
humidity s e 2 e o humidity
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Tanlaian

Exhaust fan conditions

x termination point
d not found

attic

x poor termination
point location

duct leaky, damaged,
disconnected or missin

L duct not
insulated

cross
section

x x inoperative or
unsafe inefficient

B 2 exhaust fan ?
1

N
sl Ed

L

1 C— 1] — > L

weather hood missing, |
damaged or loose [
\1\1%\

e

==
inadequate backflow
prevention (flap) [

e T

I
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Cover crawlispace floor

/] a crawlspace with an
N covered cath flcor can, I @ vapor barrier (such as & mil
y sig polyethylene) should be laid

amount of moisture to the
house environment -
equivalent to several gallons

down, sealed at the edges and
joints, and ballasted with gravel

don't
P ventilate
crawlspace

Insulating crawlspaces

heated crawlspace - preferable unheated crawlspace

x more insulation
required

3

| f=2]
[—4
i support insulation with
g chicken wire,
H= housewrap etc.
=]
fl =
oor
framing x floor feels cold
air/vapor i it ~
barrier insulation
: : ipe freezin
insulation crawlspace pip otential 9
moisture
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